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The majority of southern Australia was covered in ice during the Gondwanan Permo-Carboniferous glaciation. 
Glacigene sequences associated with this event are preserved within basins including the Late Palaeozoic 
sediments of the Arckaringa and Troubridge basins in South Australia. In this study, detailed sedimentology, 
geochronology and geochemistry of these sediments is used to inform an improved palaeogeographic 
reconstruction of South Australia during the late Palaeozoic and to understand background geochemistry 
relevant to their use as geochemical exploration media. 
Diamictite units with rounded to angular, locally-derived clasts are observed throughout the Troubridge Basin 
and the south Arckaringa Basin. These are consistent with deposition by ice tongues and icesheets. Diamictite 
units with subrounded to rounded clasts with both locally- and distally-derived clasts are observed in the eastern 
margin Arckaringa Basin. These are consistent with sedimentary rocks deposited by valley glaciers. Alternating 
clay and sandstone beds with lesser diamictite beds are observed in discrete exposures in the Troubridge Basin. 
These are consistent with a glacial environment where meltwater streams have alternating energy and sediment 
load. This is due to the periodic melting of the ice mass which fed into glacial lakes. The increasing frequency of 
diamictite beds up-sequence is indicative of the rapid retreat and melting of the ice mass. Massive to bedded, 
green glaciomarine clays observed in the Troubridge Basin are consistent with sedimentary rocks deposited in a 
transitional glacial to marine to deepening glaciomarine setting.  Sedimentary rocks deposited during the marine 
regression are interbedded with increasingly fluvial sedimentary rocks suggesting that freshwater streams were 
active during the waning stages of the regression. The resulting terrestrial environment consisted of alternating 
fluvial and lacustrine environment with intermittent formation of coal swamps. Alternating clay and sandstone 
beds with minor carbonaceous beds are observed in the upper succession of the Arckaringa Basin. These are 
consistent with sedimentary rocks deposited in an environment where post-glacial isostatic rebound causes 
alternating fluvial and lacustrine conditions.  
Zircon provenance spectra of the glacigene sedimentary rocks of the Troubridge Basin are dominated by ages 
between ca 500 to 600 Ma. These ages correlate with proximal rock packages of the Kanmantoo Group (Adelaide 
Rift Complex) and the Transantarctic Mountains of Antarctica. These sources are likely from sources adjacent to 
and from the south which is consistent with deposition via an icesheet and ice tongue. The zircon provenance 
spectra for the glacigene sedimentary rocks of the Arckaringa Basin are dominated by ages of ca 900 to 1200 Ma 
and ca 1700 to 1900 Ma. These ages are typical of rocks from the nearby Adelaide Rift Complex and the Gawler 
Craton as well as the distal Kanmantoo Group, Transantarctic Mountains, Musgrave Province and Arunta Region. 
These sources are likely from adjacent highlands and consistent with being deposited via valley glaciers formed 
in nearby alpine glacial systems. 
Major and trace element geochemistry of the minimally weathered clay and silt packages interbedded with 
diamictite in the Troubridge and Arckaringa basins are similar to PAAS and likely sourced from of the Kanmantoo 
Group. The depositional setting of the glacigene sediment is shown in SiO2:Al2O3 ratios. High silica end members 
represent sand-rich lithologies and high Al end members represent clay-rich lithologies. The Al-rich end members 
include clay matrix diamictites that are most likely the result of glacial deposition (rock flour + clasts). The Si-rich 
end members represent lithologies where fluvial processes removed the fine-grained clay-rich component. The 
complexity of the observed geochemical trends and the influence of weathering on the concentration of 
potential mineral exploration pathfinder (trace) elements highlights the necessity of understanding depositional 
and post-depositional influences on geochemistry. Weathering processes largely control the major and trace 
element geochemistry of weathered and indurated glacigene sedimentary rocks. These weathering processes 
include terraneous weathering (carbonate, sulphate and dolomite), ferruginous weathering and kaolinitic 
weathering.  
The sedimentology, geochronology and geochemistry of the late Palaeozoic glacigene sedimentary rocks of the 
Troubridge and Arckaringa basins are used to interpret a three-stage model of evolution of the late Palaeozoic 
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glaciation. Stage 1: Glacial advance (late Palaeozoic). During the Permo-Carboniferous glaciation, the South 
Australian landscape was dominated by both continental and alpine glaciation. The continental ice sheet spread 
rapidly north from Antarctica into central South Australia, extending to southern margin of the Arckaringa Basin 
at the glacial maximum at the Asselian. Ice tongues at the front of the ice sheet scoured, eroded and polished 
the exposed landscape, forming U-shaped valleys and polished, glaciated pavements. At paleolatitudes north of 
the continental icesheet alpine glaciers occupied the highlands and valley glaciers transported debris into low-
lying depocentres adjacent to the highlands. Stage 2: Glacial retreat and marine transgression (Sakmarian). The 
ice sheet rapidly melted and retreated from northern South Australia shedding debris into the Troubridge Basin.  
Melting slowed as it retreated further south. The retreat of the ice mass from northern South Australia opened 
a seaway into which marine waters entered from the west initiating a marine transgression in northern South 
Australia. When the marine transgression was at its maximum most of South Australia was inundated with only 
the eastern Gawler Craton Highlands remaining above seawater. Stage 3: Post-glacial isostatic rebound (late 
Sakmarian to early Artinskian).  During this time the seaway contracted toward the south (Troubridge Basin) and 
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Chapter 1: Introduction 
Glaciers constitute much of the Earth’s cryosphere, the portion of the Earth that is frozen. Currently 
glaciers cover approximately 10% of the planet and are isolated to Polar, high latitude, and high 
altitude regions. Icesheets and glaciers have repeatedly advanced and retreated throughout Earth’s 
history. Hoffman and Schrag (2002) hypothesized the ‘Snowball Earth Theory’, and suggest that during 
the Neoproterozoic, up to 99% of the Earth’s surface, was covered in icesheets and glaciers. During the 
Last Glacial Maximum (ca 20 000 years ago), it is estimated that up to 30% of the Earth’s surface was 
covered by glaciers (Ehlers and Gibbard 2007), the majority of which covered large areas of the 
northern hemisphere. The sedimentological and geochemical characteristics of glacigene sedimentary 
rocks are the result of a combination of processes from source regions through transport, deposition, 
post-depositional alteration, and weathering. These often reflect global climate, eustasy, geography 
and landscape evolution during the period of glaciation. Additionally, glacial sedimentary rocks may 
overlie extensive, economically prospective regions (e.g. Canada; McClenaghan and DiLabio 1993, 
Finland; Sarala et al. 2009), where they represent a potential geochemical exploration media.  
Depositional processes, palaeogeography, climate, and depositional environment of ancient glacial 
successions can be reconstructed based on an understanding of modern glacial processes. For 
instance, the glaciated terrane of eastern Greenland (Figure 1:1) is an example of a continental 
icesheet that has ice tongues extending from the front of the icesheet. These ice tongues along with 
smaller montaine and valley glaciers feed into the Norwegian Sea (Figure 1:1b). Small glacial lakes can 
form where icebergs break off and trap glacial waters between the ice tongue and iceberg or between 
the landmass and iceberg (Figure 1:1b). Valley glaciers originating in the highlands flow into glacial 
lakes or meet and join ice tongues (Figure 1:1b). Hudson Bay in northeastern Canada (Figure 1:1a) is 
an area where past glaciation has affected the landscape due to the ice mass in Greenland retreating 
from where it once covered much of Canada. This post-glacial landscape is currently undergoing post-
glacial isostatic rebound (Shilts 1986). Lakes and fluvial streams are forming in low-lying areas 
surrounding the bay due to the isostatic rebound. 
Modern glacial settings have been used to inform reconstructions of the Permo-Carboniferous 
glaciation (or late Palaeozoic Ice Age; e.g. Le Blanc Smith and Eriksson 1979, Alley and Bourman 1984, 
Veevers 2006). The Permo-Carboniferous glaciation was a significant glacial period in Earth’s history, 
as the glaciation and subsequent transition to a terrestrial, greenhouse climate had a major impact on 
Earth’s chemical, physical and biological systems (Isbell et al. 2012). Records of the stratigraphic, 
geochemical and tectonic history preserved in the late Palaeozoic sedimentary rocks have contributed 
to development and understanding of the palaeogeographic continental arrangement and location of 
the supercontinent Gondwana (Figure 1:2; Fielding et al. 2008, Isbell et al. 2012). Previous researchers 
(e.g. Ludbrook 1969b, Alley et al. 1995) suggested that during the Permo-Carboniferous glaciation, 
most of Gondwana was covered by a continental icesheet, or series of icesheets, that waxed and 
waned during much of the late Palaeozoic (Figure 1:2). Other models (e.g. Crowell and Frakes 1971a, 
1971b, Veevers 2006) suggest the high altitude alpine glaciers also formed during the glaciation. 
Remnants of the Permo-Carboniferous glaciation have been recorded in sedimentary basins in India, 







Figure 1:1 Modern glaciated terrane and adjacent landscape of greater Northern America showing the extent of the Last 







Figure 1:2 The migration of the South Pole through Gondwana from the Devonian to the Triassic, South Pole position shown 
is during the Permo-Carboniferous glaciation. Grey shading is the area affected by the late Palaeozoic glaciation as interpreted 
by Crowell (1978), Caputo and Crowell (1985), Scheffler et al. (2003), Veevers (2006), and López-Gamundi and Buatois (2010). 
Sedimentary basins with remnants of late Palaeozoic glacigene sedimentary rocks are shaded in white as proposed by Alley 
et al. (1995), and Isbell et al. (2012). Figure adapted from Alley and Bourman (1995), Fielding et al. (2008 and references 
therein) and Isbell et al. (2012).  
There is abundant evidence that large parts of Australia were covered by ice during the Carboniferous 
and Early Permian (Crowell and Frakes 1971a, 1971b, Caputo and Crowell 1982, Veevers 2006, Playford 
2011, Yang et al. 2014). Glacigene sedimentary rocks deposited at this time have been recorded across 
Australia; including large parts of South Australia, Western Australia and New South Wales (Figure 1:2). 
During the Permo-Carboniferous glaciation, Australia was located proximal to the South Pole (Figure 
1:2). Icesheets and associated ice tongues together with alpine glaciers almost completely covered 
southern Australia (e.g. Crowell and Frakes 1971b, Pillans 2007). The onset of widespread glaciation 
was due to the proximity to and rapid migration of Australia towards the South Pole (Isbell et al. 2012, 
Embleton and Schmidt 1977, Embleton and Valencio 1977). Additionally, orogenesis associated with 
the Alice Springs Orogeny (ca 300-450 Ma; Flöttmann et al. 2004), which culminated in the 
amalgamation of Pangea, resulted in development of topographic highs that could accommodate 
alpine glaciation.  
1.1 Late Palaeozoic geology of South Australia 
Sedimentary rocks deposited during the Gondwanan Permo-Carboniferous glaciation are preserved 
across Australia (Figure 1:3). Palynological age constraints indicate that upper units of the glacigene 
succession are well constrained to Late Asselian to Sakmarian age (290 to 285 Ma; Hibburt 1995). The 
lowermost units are not well constrained due to poorly preserved foraminifera (Ludbrook 1967, 
Ludbrook 1969b). Therefore, due to the poorly constrained age of the sedimentary rocks, in this thesis, 





Figure 1:3 a) Distribution of late Palaeozoic sedimentary rocks in Australia, adapted from Veevers (2006). Glacial features 
have been recorded in the Troubridge Basin (TB: red outline; David and Howchin 1897, Milnes and Bourman 1972, Bourman 
et al. 1976, Alley and Bourman 1984, Bourman and Alley 1988, 1990, 1995, 1999) Arckaringa Basin (AB: green outline; 
Ludbrook 1961, 1967, Freytag 1964, DeMaison 1969, Townsend 1973, Heath 1974, Finlayson 1981, Hibburt 1995) of South 
Australia, the Bacchus Marsh (BM) area in central southern Victoria, the Ovens Graben (OG) in northeastern Victoria (Craig 
and Brown 1984, Roberts 1984, O'Brien 1986, Holdgate 1995, O'Brien et al. 2003), Wynyard (Wy) in Tasmania (Banks 1962, 
Fielding et al. 2010) and the Canning and Canarvon basins in Western Australia (CB, CvB; Crowell and Frakes 1971b, Towner 
1981). Late Palaeozoic sedimentary rocks have also been recorded in the Bowen Basin (BB; Campbell et al. 1960, Derrington 
and Morgan 1960, Dickins 1989) and Sydney Basin (SyB; Dickins 1989, Mii et al. 2011) of eastern Australia, the Perth Basin 
(PeB; Playford et al. 1976, Cadman et al. 1994, Mory et al. 2005) of Western Australia as well as the Officer (OB), Cooper (CoB) 
and Pedirka (PB) basins in central Australia (Shearer 1994, Alley et al. 1995, Tucker 1997). b) Late Palaeozoic basins and key 
basement terranes of South Australia, adapted from Alley et al. (1995). Blm: Blinman area; MT: Mulgathing Trough; SB: 




The sparsity and isolation of the late Palaeozoic sedimentary rocks across Australia has resulted in a 
series of depositional models as well as palaeogeographic and palaeoclimatic reconstructions derived 
from extrapolation of observations from small, independent exposures across a region or continent. 
The majority of these reconstructions utilise observations from exposures preserved in eastern and 
western Australia with little to no observations of the South Australia glacigene sedimentary rocks 
(such as Crowell and Frakes 1971a, Embleton and Valencio 1977, Eyles et al. 2002, Veevers 2006; see 
Figure 1:4). For example, the research by Veevers (2006) is based on previously published research as 
well as observations made in the Yilgarn Craton and the Canning and Canarvon basins in Western 
Australia, and from glacial exposures in Queensland, New South Wales and eastern Australia. While 
the model of Crowell and Frakes (1971a and 1971b; Figure 1:4) was based on till and glaciated 
basement distribution as well as detailed till facies observations in Tasmania, Victoria and New South 
Wales. The lack of direct observations and data from the late Palaeozoic rocks of South Australia within 
these models has resulted in a series of reconstructions and models that do not specifically address 
the glacial environment of South Australia, and therefore cannot be directly and holistically related to 
depositional processes, palaeoclimate and palaeogeography within this region during the time of 
glaciation.  
 
Figure 1:4 Palaeogeographic sketch maps of Crowell and Frakes (1971a) showing alpine glaciers in high altitude zones of 
Australia during the Permo-Carboniferous glaciation (a to d), the advancing and retreating icesheets (b to d) followed by the 





later glaciolacustrine and glacigene sedimentary rocks were deposited in the Troubridge Basin 
suggesting the stagnation, rapid melting, and southerly retreat of the icesheet (Figure 1:5). This retreat 
initiated a eustatic rise which resulted in the deposition of glaciomarine sedimentary rocks during the 
northern marine transgression. No sedimentary rocks preserving the retreat and subsequent marine 
transgression have been reported in the Troubridge Basin. Instead McGowran (1973) suggested that 
as the ice mass in the Arckaringa Basin began to retreat towards the south, a rise in sea level triggered 
a marine incursion from the south, which eventually covered most of southern Australia. After the 
marine transgression, a period of freshwater fluvial and lacustrine deposition is interpreted to have 
occurred in the north of the Arckaringa Basin (Townsend 1973) and Rogers et al. 1996b). This model is 
supported by observations made by Alley et al. (1995) who reported deposition of non-marine 
sedimentary rocks in the northern Arckaringa, Denman, Pedirka and Cooper basins (Figure 1:3b).  
Crowell and Frakes (1971a, 1971b) and Veevers (2006) proposed an alternative model (Figure 1:4) 
whereby a northward moving continental icesheet accompanied by piedmont (valley) glaciers 
occupied the highlands where the modern Gawler Craton is now recognised. Along with material 
derived from the continental icesheet, the highlands supplied water and additional sediment (through 
erosion) into the basins. Crowell (1978) and Veevers (2006) suggest that the icesheet then retreated 
rapidly in the early Permian as the climate warmed and Australia migrated northwards away from the 
South Pole while the alpine glaciation was stagnant before retreating as Australia moved away from 
the South Pole.  
1.2 Contributions of this study  
The local depositional setting of glacigene sedimentary rocks within South Australia, particularly in the 
Troubridge Basin, have been inferred from detailed lithological descriptions of key sections (Alley and 
Bourman 1984, Bourman and Alley 1990, 1995, 1999, Alley et al. 2013). Accompanying these 
descriptions are palynological studies (such as Ludbrook 1967, Ludbrook 1969a, 1969b, Foster 1974, 
Townsend and Ludbrook 1975) that constrain the age of the rocks. These studies do not include 
petrology and mineralogy of the glacigene sedimentary rocks, nor have there been any investigations 
into the whole rock geochemistry or radiogenic isotope geochronology signatures of the sedimentary 
rocks that can be used to constrain provenance, depositional and post-depositional processes. These 
elements are required to construct a comprehensive understanding of the late Palaeozoic glacial and 
post-glacial conditions in South Australia.  
The aim of this study is to characterise the late Palaeozoic sedimentary rocks of South Australia with 
the intention to produce a holistic palaeogeographic reconstruction that details depositional setting 
and palaeoclimate. To achieve this a detailed investigation into the glacigene sedimentary rocks of the 
Troubridge and Arckaringa basins of South Australia (Figure 1:3b) was carried out. The investigations 
included;  
- Sedimentology of late Palaeozoic glacigene sedimentary rocks from which the glacigene 
depositional processes will be constructed; 
- Radiogenic isotopic geochronology which will provide a constraint of the provenance of the 
glacigene sedimentary rocks; and 
- Whole rock geochemistry to establish provenance, depositional and post-depositional 




geochemistry of the sedimentary rocks and assessing their potential use in mineral 
exploration. 
Data for these investigations were collected from key measured sections in conjunction with 
systematic surface samples of the glacigene sedimentary rocks in the Troubridge and Arckaringa basins 
(Figure 1:3).  
This thesis is structured as five chapters written so they can be submitted as independent publications. 
These chapters are bookended by this introduction and a short conclusions chapter. The 
sedimentology of the Troubridge and Arckaringa basins is addressed individually in Chapters 2 and 3 
respectively. The provenance of the glacial sedimentary rocks from both basins is addressed using 
geochronology (Chapter 4). The influence of depositional processes and weathering on the 
geochemistry of the sedimentary rocks is addressed in Chapter 5. Chapter 6 presents a series of 
reconstructions of the palaeogeography of South Australia during the glacial and post-glacial interval 




Chapter 2: Sedimentology of the late 





This chapter presents the results of the sedimentology of the sedimentary rocks carried out on five 
measured sections of the Cape Jervis Formation in the Troubridge Basin. Measured sections were 
systematically logged and sampled by the author and Dr Steve Hill during field trips between July 2010 
and February 2012. Analytical methods include observations of the physical characteristics of the 
sedimentary rocks including detailed petrology and mineralogy. Petrological analysis was conducted 
by the author at Adelaide Microscopy at the University of Adelaide using thin sections prepared by 
Pontifex and Associated Pty. Ltd. in Adelaide. Mineralogical (spectroscopic) analysis and data 
processing was conducted by Georgina Gordon using the HyloggerTM 3-3 at the Department of State 
Development, Geological Survey of South Australia Core Store Facility in Glenside, Adelaide.  
This chapter builds on research initially conducted by Ludbrook (1967) and expanded upon by Alley 
and Bourman (1984) and Bourman and Alley (1990, 1995, 1999) which focused on the millimetre- to 
centimetre-scale sedimentology as well as the depositional setting of the sedimentary rocks of the 
Cape Jervis Formation. These are duly referenced throughout this chapter. The depositional settings 
of the glacigene sedimentary rocks of the Troubridge Basin; based on the sedimentology are presented 






The late Palaeozoic Cape Jervis Formation of the Troubridge Basin in southern South Australia provides 
a sedimentological record of the glacial environment during the Permo-Carboniferous glaciation. The 
sedimentary sequence is divided into five informal units that make up the Cape Jervis Formation, and 
preserve sedimentological features that have been used to constrain the glacial setting and associated 
depositional mechanisms during this time. Landscape features such as glaciated pavements and the 
presence of lodgement till diamictite suggest that the glacial setting was a wet-based, continental 
icesheet with ice tongue glaciers at the front margin of the icesheet. The icesheet advanced in a north 
to northeast direction forming glaciated bedrock surfaces and depositing lodgement till. The 
fluviolacustrine beds suggest that the icesheet was stagnant, which facilitated the formation of glacial 
lakes and meltwater streams. The icesheet then began to decay and retreat southward. Ablation of 
the ice resulted in deposition of a flow till complex, and caused a eustatic rise that resulted in a marine 
transgression and subsequent deposition of glaciomarine sedimentary rocks.  
2.1 Introduction  
Palaeogeographic reconstructions of Australia during the late Carboniferous to earliest Permian, 
supported by palaeomagnetic data (Creer 1968, Embleton and Valencio 1977, Embleton and Schmidt 
1977, Isbell et al. 2012) and numerous lines of geological evidence (e.g. Crowell and Frakes 1971b, 
Martin 1981, Archbold 1982, Caputo and Crowell 1982, Ireland et al. 1998, Scheffler et al. 2003, Foden 
et al. 2006, Veevers 2006); consistently place Australia and Antarctica in an amalgamated high-latitude 
southerly configuration; as part of the supercontinent Gondwana. There is consensus amongst 
researchers that a large continental ice mass grew over Antarctica and spread across southern 
Australia as Gondwana drifted across the South Pole (Crowell and Frakes 1971a, Alley et al. 1995). The 
Australian portion of the ice mass is suggested to have developed by the end of the Carboniferous and 
reached its greatest extent by the earliest Permian, after which it rapidly decayed (Alley et al. 1995).  
The most definitive evidence for the late Palaeozoic glaciation in South Australia is preserved within 
the sedimentary rocks of the Cape Jervis Formation. The Cape Jervis Formation is exposed across most 
of the Fleurieu Peninsula, the southeastern coastal cliffs of the Yorke Peninsula and eastern Kangaroo 
Island in a geographic area referred to by Wopfner (1972) as the Troubridge Basin (Figure 2:1a). 
Glaciated pavements are extensive throughout the Fleurieu Peninsula (Figure 2:1b), and glacially-
derived sedimentary rocks have been observed across most of the basin. It is likely that the Troubridge 
Basin and the other now disconnected basins are remnants of a much larger glacial system.  
Small-scale depositional models localised around key sections of the Cape Jervis Formation have been 
derived from sedimentological studies (e.g. Alley and Bourman 1984, Bourman and Alley 1990, 1995, 
1999). Basin- to continental-scale models that interpret the evolution of glaciation have also been 
developed (e.g. Crowell and Frakes 1971b, Embleton and Valencio 1977, Veevers 2006). Further 
definition of the depositional setting of the sedimentary rocks of the Cape Jervis Formation requires 
correlation of the sedimentology across the basin, identification of differences between units at the 
key sections, as well as differences within the same unit across the basin. The widespread and 





Figure 2:1 a) Approximate limits of the Troubridge Basin adapted from Alley and Bourman (1995), showing exposures of the 
late Palaeozoic Cape Jervis Formation adapted from Thompson and Horwitz (1962), Crawford (1960) and Fairclough (2007). 
Key locations and drill holes are also shown; b) Ice movement direction in the Troubridge Basin based in till fabrics and striae 
orientations adapted from Bourman and Alley (1990); Inset: location of study area (red box) in relation to Australia and 
significant basement terranes (grey) and late Palaeozoic basins (blue). AB: Arckaringa Basin; ARC: Adelaide Rift Complex; GC: 




The composition and mineralogy of the sedimentary rocks would provide a greater insight to the glacial 
environment as well as the degree of transport and post-depositional alteration the sedimentary rocks 
have undergone. This would provide information relevant to which sedimentary rocks could be 
targeted for geochemical analysis to provide the most accurate representation of the sedimentary 
rocks prior to surficial alteration such as oxidation.  
This chapter builds on previous studies of the glacigene sedimentary rocks within the Troubridge Basin 
and adds to them by re-examining the sedimentology (including at microscopic scale) with emphasis 
on the mineralogy and composition of the Cape Jervis Formation at key sections across the Troubridge 
Basin. The recognition of subtle sedimentary features and changes to the clast morphology allows a 
more detailed and specific depositional setting to be constructed. This chapter also discusses lateral 
variations in the sedimentological record and depositional environment of individual units. 
Sedimentological differences across the basin that may have resulted from subtle changes in the glacial 
environment as it progressed across the basin are discussed.  
2.1.1 Geological setting  
The Troubridge Basin was first defined by Wopfner (1972). The sediments were assigned to the Cape 
Jervis Formation by Alley and Bourman (1984 after Ludbrook 1967) who nominated the coastal cliffs 
of Cape Jervis as the type section. The Cape Jervis Formation varies in thickness from <5 to 50 m where 
it is exposed on shore but is locally in excess of 1000 m where it has been intersected in offshore drill 
holes (Flöttmann and Cockshell 1996). The Cape Jervis Formation is the only unit within the Troubridge 
Basin and unconformably overlies a variety of Cambrian to Neoproterozoic rocks and is partially 
overlain Jurassic to Quaternary-aged sedimentary rocks (Crawford 1965, Johnson 1982a, 1982b, Alley 
and Bourman 1984, Bourman and Alley 1990, 1999, Zang and Hore 2001, 2003). 
The Cape Jervis Formation has an upper age constraint of Sakmarian (295 – 290 Ma; Table 2:1) age 
based on foraminifera observed at Cape Jervis and Waterloo Bay and in drill holes Minlaton 1, 
Stansbury 1 and Troubridge Shoal 1 (Figure 2:1; Ludbrook 1967, 1969b, Harris and McGowran 1971, 
Foster 1974). Age constraints of individual units are summarised in Table 2:1. As yet no dates have 
been ascertained for unit one of the Cape Jervis Formation and hence the age of initial deposition 
remains unconstrained. However, it has been postulated that the glaciation initiated in the late 
Carboniferous and reached its maximum extent by the early Permian (Sakmarian; Alley and Bourman 
1984, Alley et al. 2013). 
In addition to Alley and Bourman’s (1984) formation defining study, there have been a series of studies 
focussed on key stratigraphic sections of the Cape Jervis Formation. Studies at Kangaroo Island 
(Bourman and Alley 1999, Alley et al. 2013), Kings Point (Bourman and Alley 1995) and Hallett Cove 
(Bourman and Alley 1990) included the identification and stratigraphic logging of the Cape Jervis 
Formation glacigene sedimentary rocks and refinement of their interpreted depositional setting. Other 
investigations have concentrated on exposures of the Cape Jervis Formation away from coastal cliffs 
on the Fleurieu Peninsula (including Mawson 1962, Milnes and Bourman 1972, Bourman et al. 1976, 
Bourman and Milnes 1976, Milnes et al. 1981) and identified glacial landscape features such as roche 
moutonnée, erratic fields and glaciated pavements. Crawford (1965) identified and described the 
sedimentary rocks of the Cape Jervis Formation across the Yorke Peninsula while Foster (1974) 
investigated the palynology of the sedimentary rocks in the coastal cliffs of Waterloo Bay, southern 





The basal fluviolacustrine and glaciolacustrine sedimentary rocks of unit one (Table 2:1) are 
interpreted to have been deposited during the initial stages of glaciation in a basin where glacial lakes 
formed at the front of an icesheet (Alley and Bourman 1984). Alley and Bourman (1984) note that the 
sedimentary rocks of unit one were observed in an excavation at the base of the Cape Jervis type 
section, however, this excavation is now covered in scree. Unit two has been interpreted by Alley and 
Bourman (1984) as a lodgement till. Numerous frost-shattered, polished, striated and glaciated 
pavements on the Fleurieu Peninsula and Kangaroo Island (Figure 2:1b) are immediately overlain by 
sedimentary rocks assigned to unit two (Table 2:1). Alley and Bourman (1984) inferred that unit two 
was deposited at the base of a wet-based glacier. Local differences in ice movement direction recorded 
by striations (Figure 2:1b) reflect deviation of the icesheet around topographic features (Bourman 
1986).  
Bourman and Alley (1990, 1995) suggest that the alternating clay, sand and diamictite beds of the 
fluviolacustrine beds (unit three; Table 2:1) are the result of variable ice decay rates. They also 
postulated that the icesheet was stagnant in the Gulf St Vincent, and that materials were deposited 
around the icesheet via the meltwater streams. Small lakes formed, some of which contained icebergs 
that released dropstones as they melted. Unit four is interpreted as flow till complex by Alley and 
Bourman (1984) which is in sharp contact with the underlying fluvioglacial sedimentary rocks. Unit four 
is interpreted to have been deposited as the icesheet retreated, resulting in meltwater streams with 
increased energy and sediment load. The uppermost unit of the Cape Jervis section (unit five) marks 
an abrupt change to glaciomarine sediments (Alley and Bourman 1984). These sedimentary rocks were 
deposited in shallow marine conditions that are influenced by the fluvial input of glaciers and icebergs 
melting nearby (Alley and Bourman 1984).  
The initial migration of the icesheet caused gelifract (fracturing of the bedrock via freezing of the 
substrate prior to ice presence; Alley and Bourman 1984), scouring of U-shaped valleys and glacial 
pavements and deposition of diamictite (Bourman and Alley 1988). The evolution from unit one to unit 
five has been interpreted by successive workers (e.g. Bourman 1973, Alley and Bourman 1984, 
Bourman 1986, Bourman and Alley 1990, 1995, 1999) to represent a cycle of broadly northward glacial 
advance beginning in the late Carboniferous (unit one and two), followed by stagnation in the Gulf St 
Vincent resulting in the deposition of sandstone and clay units, suggesting meltwater streams and 
glacial lakes formed during this stage (unit three; Bourman and Alley 1990). Southward decay of the 
icesheet and further retreat deposited diamictite units with sandstone beds (unit four) was then 
followed by the final stage of deglaciation. The final wasting of the glacier lead to an eustatic rise and 
deposition of glaciomarine clay and sand units (unit five; Alley and Bourman 1984). 
2.2 Methods 
2.2.1 Sample collection  
Suitable sites for logging and sampling were selected based on the exposure being extensive enough 
to allow sampling through the stratigraphic profile. Profiles sampled for this study were from Cape 
Jervis, Kings Point, Hallett Cove, Kingscote, and Waterloo Bay (Figure 2:1). These sections are in the 
same or similar locations to the sections investigations by previous researchers as these sites are the 
most complete, best exposed and accessible sections across the basin. The previous studies provided 




Samples were collected at each change in lithology or every metre if no change occurred. Five to ten 
centimetres of overlying material was removed prior to sample collection to reduce risk of surface 
contamination. Approximately 0.5 kg of sample was then removed using a geo pick and put into a 
clean, plastic snap lock bag. Each bag was labelled with a predetermined sample number and location 
name. For each sample, a GPS location was recorded along with a description of the sediment lithology 
and any overprinting and weathering that was apparent. Surrounding field relationships were also 
recorded as well as information such as vegetation growth or proximity to possible contaminants such 
as roads or the possibility of sea spray. Samples were collected for investigations into the petrography 
and mineralogy of the sedimentary rocks as well as detailed sedimentological descriptions. Splits of 
selected samples were used for geochronological and geochemical analysis. The samples were of 
varied lithologies including sand, clay, silt and diamictite with varying degrees of weathering. 
2.2.2 Mineralogical analysis 
The mineralogy of samples was investigated using petrographic and spectroscopic analysis. 
Petrographic analysis of thin sections determined relationships between grains and matrix as well as 
alteration. Petrologic analysis was performed on representative samples from each unit within the 
Cape Jervis section. These samples were selected based on being representative of each of the 
preserved units, having minimal post-depositional alteration and their consolidated nature.  
Petrological thin sections (dimensions: 7.5 by 2.5 cm) of consolidated sediment were prepared by 
Pontifex and Associates Pty. Ltd., Adelaide. Slides are polished and are without a cover-slip. 
Petrographical analysis was done at Adelaide Microscopy, University of Adelaide using a Nikon 
Petrographic Microscope.  
Spectroscopic analysis was used to determine the bulk mineralogy of samples and was performed on 
all samples collected. A representative split of each sample was placed into black chip trays and 
analysed in black chip trays using the HyLogger™3-3 at the Department of State Development Core 
Storage Facility in Glenside, Adelaide. HyLogger™ Core Scanning and HyChips™ modes were used to 
detect the visible to shortwave infrared (Vis-SWIR: 380-2500nm), and the thermal infrared (TIR: 6000-
14500nm, core logging mode only) wavelengths. The minerals identified using infrared wavelengths 
include white micas, kaolinite, carbonate minerals in the SWIR, and tectosilicates such as pyroxene, 
silica, feldspars and garnets in the TIR. High resolution images were taken on every sample every 2mm. 
HyLogger™ core logging mode analysis was done by scanning across each sample four times, allowing 
for overlap to maximise the viable spectra. HyChip™ mode analysis was done by scanning three times 
using only Vis-SWIR wavelengths. Three readings were taken per sample. 
Results were processed using The Spectral Geologist (TSG) HotCore software to allow viewing in the 
free TSG Viewer software provided by AusSpec International Inc. Data processing included removal of 
data from any non-sample material (e.g. black plastic of the chip trays). Processing did not account for 
geological context of the samples or removal of any specific mineral species prior to processing. 
Routine machine calibrations were performed prior and post-analyses. 
2.3 Sedimentology and mineralogy 
In this section, the field observations, spectroscopic mineralogy and petrography of the sedimentary 
rocks within the Cape Jervis Section have been described in detail as the section is the type section for 




sedimentary rock differ from the type section. Stratigraphic logs and field images are provided for each 
section. Detailed descriptions of measured sections away from Cape Jervis are in Appendix 1.  
2.3.1 Cape Jervis section  
The most complete section of the Cape Jervis Formation is within two coastal cliffs of Cape Jervis, north 
of the lighthouse (Figure 2:2a). The type section occurs within two, steep erosional gullies. The 
southern gully (here informally termed section A; Figure 2:2a) was originally described by Ludbrook 
(1967). Alley and Bourman (1984) used Section A and a second gully to the north (here informally 
termed Section B; Figure 2:2a) to define the Cape Jervis Formation and develop a composite type 
section. The composite section begins approximately ten metres above the shore platform and extends 
for approximately 50 m to where the Cape Jervis Formation is overlain by limestone and calcareous 
sandstone of the Quaternary Point Ellen Formation with calcrete at the top of the cliff. The Cape Jervis 
Formation overlies the very steeply dipping, Cambrian Kanmantoo Group metasedimentary rocks, and 
the section is in part deposited against the steeply sloping bedrock valley surfaces of the cliffs and U-
shaped valleys (Alley and Bourman 1984). All five units of the Cape Jervis Formation as defined by Alley 
and Bourman (1984) are preserved within the section, however, unit one is now not exposed and 
covered by scree. 
The base of the section (0 to 1.5 m) comprises frost-shattered (or gelifract) Cambrian Kanmantoo 
Group metasedimentary rocks (here called bedrock), or gelifract bedrock and approximately 1m of 
bedrock rubble (Figure 2:3a). The Cambrian metasedimentary rocks are bedded at decimetre to metre-
scale and vary from metagreywacke to metasiltstone (Figure 2:3a). They are dark-grey and contain 
abundant quartz, minor feldspar and lithics and a variable pelitic component characteristic of relatively 
immature turbiditic sedimentary rocks. Muscovite, goethite, hematite and nontronite have been 
identified by hyperspectral analysis (Figure 2:2b). Amongst the scree deposits, on the shore platform, 
and near the gelifract at the base of the section are large, rounded, polished and occasionally striated 
Encounter Bay Granite erratics, some of which are up to five metres in diameter (Figure 2:3b).  
Unit two (1.5 to 7 m) has an unusual depositional geometry, being deposited against the sloping 
bedrock surface of the valley where it is overlain by other units of the sequence. The unit is dominated 
by matrix-supported diamictite with angular to rounded, polished and faceted clasts, mostly less than 
one centimetre diameter but occasionally up to ten centimetres, comprising approximately 30% of the 
rock. Pebbles and cobbles, up to 20 cm diameter, become more common toward the top of the unit. 
The clasts are dominantly metasedimentary rocks comparable to the underlying Kanmantoo Group 
with lesser granitic rocks that are texturally and mineralogically comparable to the Encounter Bay 
Granite which is exposed in the Victor Harbour region about 55 km to the south southeast. The matrix 
of the diamictite is buff-coloured, poorly-sorted, medium- to coarse-grained and relatively 
unconsolidated sand. The sand is dominated by quartz grains that range from 300 to 1200 µm and 
average about 500 µm (Figure 2:3c). Subrounded to rounded grains of feldspar (largely altered to 
kaolinite; Figure 2:3c) and muscovite are also present. These grains are surrounded and supported by 
a cement of clay, Fe-oxide minerals (identified as kaolinite and goethite in the hyperspectral data) and 





Two lenses of poorly sorted, clast-supported pebble and cobble lenses up to 20 cm thick are preserved 
within the diamictite at approximately 4 and 7 m. These lenses comprise rounded, faceted clasts, 
mostly less than ten centimetres in diameter with some (<10%) up to 50 cm (Figure 2:3d, e). The clast 
lithologies are consistent with those in the diamictite being dominated by metasedimentary rocks and 
granite. Large (up to one metre) clasts of granite occur throughout unit two. Rounded, polished and 
occasionally striated granite erratics, some of which are up to five metres in diameter (presumably 
sourced from unit two) are scattered along the foreshore (Figure 2:3b). 
Unit three comprises 20 m of heterolithically bedded clay and sand beds with occasional beds of 
diamictite, pebble and cobble lenses and isolated boulders (Figure 2:2f). The lower 7.5 m of unit three 
(7 to 14.5 m) is dominated by very thinly bedded (centimetre-scale), fine-to medium-grained, yellow 
to orange sand and minor clay. At the type section, bedding is tilted toward the east at 15-20° (Figure 
2:3f), in comparison to the flat-laying underlying unit two and overlying upper unit three. The 
sedimentary rocks are poorly-sorted, with grain sizes ranging from 20 to 500 µm, and dominated by 
subangular to subrounded grains of quartz and feldspar (Figure 2:3g). Occasional subrounded rock 
fragments greater than 500 µm are also present (Figure 2:3g). The grains are surrounded by a cement 
of secondary minerals of mixed clay and Fe-oxide minerals (identified as kaolinite, montmorillonite, 
goethite and hematite in the hyperspectral data; Figure 2:2b). Two pebble and cobble lenses are 
preserved within the tilted beds at 10 and 14.5 m (Figure 2:2b). These lenses are approximately 20 cm 
wide and are dominated by rounded, polished, striated and faceted metasedimentary rocks and minor 
granites that are 5 to 10 cm in diameter (Figure 2.3f).  
The upper 12.5 m of unit three (14.5 to 27.5 m) comprises flat-lying beds of sandstone, diamictite and 
minor clay interbedded at metre-scale (Figure 2:2b). The sand and sandstone dominated horizons are 
typically yellow to brown, poorly-sorted with angular to subrounded grains of quartz, feldspar, lithic 
fragments and a mixed clay and Fe-oxide mineral cement. Individual horizons differ on the basis of 
their finest fraction, which increases up-sequence from fine- to coarse-grained sand. Clasts up to five 
centimetres in diameter comprise <20% of the rock and are dominated by metasedimentary material 
comparable to the underlying Kanmantoo Group. The uppermost sandstone bed (27 m) in unit three 
is distinctive in that it exhibits poorly-preserved, 1 to 10 cm cross-beds (Figure 2:2b, 2:3i). The 
sandstone beds from 26 to 27.5m in unit three (Figure 2:3i) do not contain clasts larger than one 
centimetre diameter. The diamictite beds within the upper parts of unit three (between 20 and 25 m) 
are up to 20 cm thick in 1.5 m bed sets (Figure 2:2b). Clasts within the matrix-supported diamictite are 
poorly-sorted, subrounded to rounded, up to four centimetres in diameter within a matrix of coarse-
grained sand.  
Scattered throughout unit three are isolated pebbles and boulders of metasedimentary rock and 
granite that are typically polished, faceted and striated. The sedimentary rocks immediately 
underneath some of the metasedimentary boulders are compressed, while the overlying beds are 
draped over the stone, consistent with the boulders being deposited as dropstones. In contrast, the 
granite boulders do not appear to contort the underlying sedimentary rocks; rather the sedimentary 
rocks are often deposited against the granite boulders suggesting they had been in place prior to the 
deposition of unit three.  
Within the upper five metres of unit three (22.5 to 27.5 m), calcite commonly forms a crystalline 
cement that efficiently fills the intergranular spaces of one centimetre diameter (Figure 2:3h). This is 
a significant change compared to the Fe-oxide and clay minerals that occupy the pore spaces in unit 









Figure 2:3 Cape Jervis Section a) Fractured (gelifract) Kanmantoo Group metasedimentary rocks at the base of the Cape Jervis 
Section (at 0 to 1.5 m), orange lichen commonly grows on the exposed surfaces; b) Large Encounter Bay Granite erratic at the 
base of the Cape Jervis Formation type section; c) Photomicrograph of the matrix-supported diamictite of unit two. The 
sample a was collected from a height of five metres; d) Striated and faceted Kanmantoo Group metasediment dropstone 
within the diamictite of unit two (at 6 m); e) Pebble and cobble layer within unit two at a height of seven metres, showing 
the rounded nature and size (up to 10 cm) of the clasts. Matrix-supported diamictite containing smaller (>5 cm) clasts can be 
seen below the pebble and cobble layer; f) Tilted beds from 7 to 14.5 m (as outlined by dotted lines) of the base of the 
fluviolacustrine beds (unit three). Erratics of Kanmantoo metasedimentary rocks (approximately one m) and Encounter Bay 
Granite (approximately three m) can be seen in the foreground; g) Photomicrograph of clay bed at 15.25 m within the tilted 
beds of unit three showing very fine-grained to clay sized subrounded to angular quartz grains within a ferruginous cement; 
h) Photomicrograph of flat-lying beds within the fluviolacustrine beds (unit three) at 25.25 m comprising of subrounded 
quartz grains and rock fragments; i) Laminated sandstone beds of unit three at 26.5 m the top of the unit three, flaggy beds 
above the scale bar have poorly preserved cross-beds; j) Photomicrograph of laminated sandstone at 37.2 m near the top of 
unit four showing angular to rounded quartz grains within a calcareous cement; k) Massive, green grey clay of unit five at 
39.5 to 45 m. Photo taken looking up section B to the southeast; l) Photomicrograph of the first sandstone lens at 46.3 m 
within the of unit five, the quartz grains are <100 µm with clay cement. Qtz: quartz; Kln: kaolinite; Cal: calcite cement; Sd: 
siderite; Fe: Fe-oxide mineral cement; Fe/Kln: Fe-oxide mineral and kaolinite cement; cly: clay mineral; RF: rock fragment; PS: 
pore space; approximate location of photos are shown in Figure 2:2b. 
The base of unit four (27.5 m) is a buff-coloured, clast-supported diamictite that is 8.5 m thick (Figure 
2:2b). Smaller clasts (<5 cm) within the diamictite are rounded to angular metasedimentary rocks with 
comparable composition to the underlying Kanmantoo Group. Larger clasts (up to 20 cm) are 
subrounded to rounded, mostly polished, faceted and striated and are metasedimentary or granitic in 
composition. The loosely consolidated matrix of the diamictite is medium- to coarse-grained sand with 




Overlying the diamictite, at 35 to 37.5 m, is 2.5 metres of laminated, calcareous, fine-grained 
sandstone interbedded with lesser medium- to coarse-grained sand lenses and two narrow pebble and 
cobble lenses (Figure 2:2b). The sandstone is buff to yellow and dominantly comprises poorly sorted, 
angular to subrounded quartz grains up to 500 µm. Minor detrital feldspar, now altered to kaolinite, 
with the same size and shape as the quartz grains is also present (Figure2:3j). Sand lenses have the 
same characteristics as the sandstone but are friable and typically unconsolidated. The pebble and 
cobble lenses are unconsolidated, and comprise rounded pebbles up to ten centimetres in diameter 
within a matrix of fine-grained sand with a minor clay component. The clasts up to ten centimetres in 
diameter are either metasedimentary or granitic. Calcite is an abundant phase throughout unit four, 
forming an intergranular cement within pore spaces along with minor kaolinite, montmorillonite and 
Fe-oxide minerals (Figure 2:3j). 
Unit five is approximately 11 m (37.5 to 48.5 m) of massive to bedded, green clay beds interlayered 
with occasional thin sandstone beds (Figure 2:2b). The massive clay (37.5 to 45 m) is up to 7.5 m thick 
(Figure 2:2b, 2.3k). Prismatic fracturing occurs within the clay immediately overlying the sandstone at 
the top of unit four. Bedding within the clay becomes more defined upwards. The clay comprises 
montmorillonite and kaolinite with minor siderite (Figure 2:2b). The clay is mostly green in colour 
(Figure 2:3k). Several red to orange beds are preserved in the middle of the clay unit and are silty and 
gritty. The clay is interbedded with medium-grained, buff to yellow sandstone beds, up to 20 cm thick, 
these occur at 39, 45 and 47 m. The sandstone beds comprise poorly sorted, angular to subrounded 
quartz and occasional kaolinite grains that range from <50 to 500 µm (Figure 2:3l). Calcite and minor 
goethite cement completely fills the pore spaces. (Figure 2:2b, 2:3l). Unit five has a sharp contact with 
the overlying calcareous, coarse-grained sands, limestone and calcrete of the Quaternary Point Ellen 
Formation.  
2.3.2 Hallett Cove section 
The northernmost known occurrence of the Cape Jervis Formation on the Fleurieu Peninsula is in the 
coastal cliffs of Hallett Cove (Figures 2:1, 2.4a). The area is host to a well-preserved exposure of Cape 
Jervis Formation and the underlying glaciated pavements. The section investigated begins at the edge 
of the shore platform and is exposed in a 30m interval in the incised gullies of Sugarloaf Creek (Figure 
2:4a). Units two and three are observed at the Hallett Cove section.  
The basement rocks within the Hallett Cove area dominantly comprise Neoproterozoic Wilpena Group 
as opposed to the type section that is underlain by the Kanmantoo Group. The Wilpena Group at 
Hallett Cove comprises green-grey and purple micaeous siltstone. These sedimentary rocks are well 
preserved as a glaciated pavement, which is best exposed at the top of Black Cliff, north of Sugarloaf 
Creek (Figure 2:5a). The glaciated pavement has been polished and striated and preserves chatter 
marks and grooves (Figure 2:5a). Bourman and Alley (1990) calculated a northwesterly ice movement 
direction using measurements of the striae and till fabric studies. There is no exposed glacial bedrock 
pavement at the base of the measured section, at Sugarloaf Creek, however, diamictites overlie 
polished pavement at Black Cliff (Figure 2:5b). There are no polished pavements at the type section.  
Unit two at Hallett Cove is up to 6 m thick, although only 2 m is exposed. The matrix-supported 
diamictite (0 to 2 m) differs from the type section in that clasts comprise up to 70% of the whole rock 
and range from 1 to 45 cm in size. At the type section there is a lesser percentage of smaller clasts. The 





Figure 2:4 a) Simplified regional geology of the Hallett Cove area adapted from Bourman and Alley (1990) showing section 
locations; b) Stratigraphic log, spectroscopic mineralogy and unit for Sugarloaf Creek in Hallett Cove area. The location of 





matrix coarsens upward from grey-green sandy clay to buff coloured coarse-grained sand (Figure 2:4b). 
The top of unit two and bottom of unit three in this area is obscured by approximately four metres of 
grasses and aeolian sands (Figure 2:4b). 
Unit three (5.5 to 31 m) in the Hallett Cove area comprises ~26 m of clay, silt and medium- to coarse-
grained sand beds with minor diamictite and cobble and pebble beds (Figures 2:4b, 2:5e to g). The 
lowermost eight metres of unit three (5.5 to 13.8 m) comprises silty clay (clay with 50 to 70% silt) beds 
interbedded with lesser medium to coarse-grained sand beds. The silty clay beds are pale grey with 
orange and red mottles and up to two metres thick. Silty clay beds were not observed at the type 
section (Figure 2:2b), instead 8.5 m of tilted, fine- to medium-grained sandstone beds dominate the 
base of the unit.  
The sand, sandstone, clay beds with occasional diamictite beds from 13.8 to 31 m (Figure 2:4b) are 
similar to those at the top of unit three at the type section (Figure 2:2b). From 13.8 to 22 m, red and 
purple, medium- to coarse-grained sandstone beds interbedded with occasional diamictite and clay 
beds (Figure 2:5e) dominate. The sand and sandstone beds vary from consolidated to friable. The 
sandstone comprises coarse-grained, angular quartz sand with clay mineral cement. The diamictite 
beds are 0.5 to 2 m thick. The characteristics of these sand and sandstone beds are similar to those at 
the type section however the colour of the Hallett Cove sand is different.  
In the pebble and cobble layer at 15.2 m, 50% of the layer is pebbles and cobbles, which are up to 35 
cm size and comprise dominantly of Wilpena Group rocks. The matrix-dominated diamictite at 16.5 m, 
has clasts that comprise 40% of the whole rock, are angular, up to 5cm and consists mostly of Wilpena 
Group sedimentary rocks. The matrix of the diamictite is coarse- to very coarse-grained sand. A pebble 
lens is preserved within one of the lower sandstone beds (Figure 2:4b). 
Similar to the top of unit three at Cape Jervis, a coarse-grained, buff to yellow sandstone and a thick 
(~50 cm) matrix-supported diamictite lens occurs from 22 to 25.7 m (Figure 2.4b). In both sections, the 
sandstone and diamictite are coarse- to very coarse-grained. In the Hallett Cove section, several <1m 
size dropstones occur within the sandstone. The majority of the dropstones are between the diamictite 
lenses and are rounded, polished and occasionally striated. Some of the dropstones have disturbed 
the sedimentary rocks directly below them (Figure 2:5f, g). 
At the top of the exposed unit three (25.7 to 31 m), which includes much of the Sugar loaf, is up to 
three metres silty clay beds and up to two metres of partially consolidated, medium- to coarse-grained, 
yellow, bedded sandstone. Several metres of loosely consolidated Pliocene Hallett Cove Sandstone 
overlie the top of the exposed Cape Jervis Formation in this area. 
 
Next page: Figure 2:5 Hallett Cove Section a) Striated glacial pavement of Wilpena Group basement at the top of Black Cliff, 
Hallett Cove; b) Looking southeast upstream of Sugarloaf Creek (from 5 m of the section) towards the Sugar loaf. Silty clay 
beds of unit three make up the banks of Sugarloaf Creek; c) Shore platform of Hallett Cove (at 0.5 m) exposed at low tide 
showing sandy clay diamictite and scattered clasts and erratics. Encounter Bay Granite erratic in foreground is approximately 
one metre diameter and the Wilpena Group erratic is approximately five metres in diameter; d) Wilpena Group metasediment 
clast within coarse-grained matrix diamictite at the outlet of Sugarloaf Creek, at 1.8 m. Polished, rounded and striated clasts 
greater than 50 cm are accumulated at the mouth of Sugarloaf Creek; e) Purple medium-grained sandstone beds (5.5 to 12.5 
m) overlying buff, coarse-grained sandstone beds (12.5 to 16 m); f) Red, fine-grained laminated sandstone preserving a 
dropstone at 27.2 m. The beds have draped over the drop stone, (blue solid line). The dotted blue line shows the probable 
continuation of the laminations under the weathered surface; g) Bedded clay and fine sands at the top of unit three of the 
Hallett Cove section at 28.3 m. Dropstones have disturbed the bedding below and above them (blue lines). Approximate 










2.3.3 Kings Point section 
The coastal cliffs of Kings Point preserve 14 m of Cape Jervis Formation exposed in two erosional gullies 
(Figure 2:6a). Both sections unconformably overlie the Cambrian Petrel Cove Formation of the 
Kanmantoo Group (Bourman and Alley 1995). It is not clear whether the late Palaeozoic sedimentary 
rocks of the southwestern gully directly overlie the late Palaeozoic sedimentary rocks of the eastern 
gully or if some late Palaeozoic sedimentary rocks have been eroded creating a disconformity between 
the sections. Units three and four are observed at the Kings Point section.  
The base of the section (0 to 5.2 m) is exposed in the eastern erosional gully and includes rocks of the 
lower part of unit three (Figure 2:6b). The sediments in unit three are not tilted, however, the 
sedimentological characteristics of the silty clay, clay and fine-grained sandstone beds are similar to 
the type section. The clay beds include rounded and polished 40 cm clasts derived from the local 
metasedimentary rocks (Figure 2:7a) and smaller (up to 20 cm) granitic clasts also occur throughout 
the clay beds.  
Unit four of the Cape Jervis Formation is exposed in the southwestern gully (5.6 to 14.2 m; Figure 2:6a). 
Unit four of the Kings Point section differs from that of the type section as there is a greater occurrence 
of sandstone beds throughout the unit as well as the differing diamictite characteristics. The matrix- 
to clast-supported diamictite beds from 5.6 to 9.8 m (Figure 2:6b) have clasts which comprise of 25 to 
75% of the whole rock, are mostly 20 cm, can be up 40 cm, and are rounded to angular in shape. The 
diamictite matrix coarsens upward from clay to coarse-grained sand, diamictite and becomes 
increasingly clast-supported up section (Figures 2:6b, 2:7b).  
The upper four metres (9.8 to 25.2 m) consists of diamictite and coarse-grained sandstone beds. These 
sandstone beds are different to those at the top of unit three in the type section as they are poorly 
sorted with rock fragments. Diamictite beds are not observed in this part of the type section. The gully 
at Kings Point is littered with Encounter Bay Granite erratics that are up to 2.5 m, rounded and polished 
(Figure 2:7c), and were not observed at the type section. The Cape Jervis Formation is overlain by up 





Figure 2:6 a) Simplified regional geology of the Kings Point area adapted from Bourman and Alley (1995) showing section 
locations; b) Stratigraphic log and spectroscopic mineralogy for the gullies investigated in the Kings Point area. The location 






Figure 2:7 Kings Point Section a) Clasts of Kanmantoo Group metasediment within the clay at 1.2 m in the eastern gully (unit 
three); b) Pebble lens within the matrix-supported diamictite beds at 8.2 m in the southwestern gully (unit four); c) Encounter 
Bay Granite erratics scatter the landscape in the southwestern gully, photo taken at 13 m looking down section. Geology 
hammer is approximately 30 cm long; approximate locations of photos are shown in Figure 2:6. 
2.3.4 Waterloo Bay section 
The Waterloo Bay section preserves approximately three metres of Cape Jervis Formation that are 
unconformably overlain by about four metres of Quaternary sedimentary rocks (Figures 2:8, 2.9a). The 
unconformity is well preserved and is an undulating surface. Units four and five are present in this 
section. 
The Cape Jervis Formation in the Waterloo Bay section consists of bedded clay and diamictite of unit 
four (0 to 2 m) overlain by massive clay of unit five (2 to 3.2 m; Figure 2:8b). Unit four at Waterloo Bay 
is distinctive from that of the type section as matrix-supported diamictite (Figure 2:9b) has clay to silty 
clay and is interbedded with clay rather than the sandstone seen at the type section. Unit four at 
Waterloo Bay is also green to grey whereas at other sections, the sedimentary rocks are buff to yellow. 
The hard, red and orange mottles of hematite and goethite preserved on the surface of the silty clay 
beds (Figure 2:9b) are also not observed at the type section.  
Unit five at Waterloo Bay is similar to the massive to bedded clay with lesser sandstone at the type 
section. At Waterloo Bay, red and orange mottles (Figure 2:9c) are preserved and a fine-grained, 
sandstone bed (<20 cm) at 2.6 m. The section is overlain by a palaeosol containing alunite and 





Figure 2:8 a) Simplified regional geology of the southern Yorke Peninsula showing the location of the Waterloo Bay profile 
adapted from Alley and Bourman (1995); b) Stratigraphic log and spectroscopic mineralogy for Waterloo Bay. The location of 
Yorke Peninsula is shown in Figure 2:1. Units were originally described by Foster (1974) as all glaciomarine sediments however 
using the unit descriptions of Alley and Bourman (1984) the units have been reclassified as shown. Black dots: sample location 





Figure 2:9 Waterloo Bay Section a) Cliff showing the Waterloo Bay section. Sedimentary rocks of the Cape Jervis Formation 
are overlain by Quaternary Bridgewater Formation, between the white lines is the palaeosol at 3.4 to 3.7 m; ladder is 1.5m 
high; b) Clasts of Encounter Bay Granite within the lowermost diamictite in the Waterloo Bay section at 1 m. Red and orange 
mottles can also be seen; c) Mottles of hematite and goethite within the massive clay at 3.2 m near the top of the exposed 
Cape Jervis Formation. Approximate locations of photos are shown in Figure 2:8. Location of photos in b) and c) is shown by 
black boxes in a). 
2.3.5 Kingscote Composite section 
The unit underlying the Cape Jervis Formation in the Bluff Quarry and Kingscote foreshore sections 
(Figure 2:10a) is unknown although it is interpreted that the sedimentary rocks are underlain by 
Cambrian Kanmantoo Group as seen at other locations on the Kangaroo Island (Bourman and Alley 
1999). The sedimentary rocks of the Bluff Quarry section (0 to 4.5 m; Figure 2:10b) comprise 
interbedded silty clay, diamictite and sandstone (Figure 2:11a). The Cape Jervis Formation exposed in 
the coastal cliffs near the Kingscote Warf (5 to 10.7 m; Figure 2:10b) are a sequence of clay to 
sandstone beds (Figure 2:11e). The Cape Jervis Formation at both measured sections is unit three.  
Unit three of the Kingscote Composite section (0 to 4.5 m) is similar to the upper portion of unit three 
at the type section. The sandstone beds (Figures 2:11b, c) are fine- to coarse-grained with minimal rock 
fragments and clasts. The cross-bedded sandstone at 2.2 m (Figure 2:11d) in the Kingscote composite 
section is not at the top of the section, rather, it is overlain by another eight metres of sandstone and 
clay beds. The clay beds from 5 to 7.5 m of the Kingscote composite section (Figures 2:10b, 2:11f) are 
similar in characteristics but thicker than the clay beds of the type section. The fine-grained sand that 
make up the top two metres of the section (9 to 10.7 m) has yellow with purple and orange mottles 








Figure 2:10 a) Simplified regional geology of northeastern Kangaroo Island adapted from Alley and Bourman (1995); b) 
Stratigraphic log and spectroscopic mineralogy of the Kingscote composite section. The location of Kingscote composite 





Figure 2:11 Kingscote composite section a) Bluff Quarry section (0 to 4.5 m), Cape Jervis Formations are overlain by Jurassic 
Wisanger Basalt; b) Pebbly sandstone beds at one metre, with angular, coarse-grained quartz grains bedding in preserved 
where the silty clay matrix remains; c) Hard, indurated, medium- to coarse-grained sandstone at 0.5 m, that preserves 
bedding at the base of the Bluff Quarry section; d) Poorly-preserved, planar cross-bedding within medium- to coarse-
sandstone at 2.5 m of the Bluff Quarry section; e) Kingscote Foreshore section (5 to 10.7 m), the Cape Jervis Formation make 
up the entire cliff; f) Clay at the base (at 5.5 m of the composite section) of the Kingscote Foreshore section with prismatic 
fracturing and orange mottles; g) Sandstone of the upper part of the Kingscote section (9.5 m) with light orange mottles. 
Approximate locations of photos are shown in Figure 2:10. Location of photos in b), c) and d) are shown by black boxes in a) 





2.4.1 Stratigraphic correlations 
Previous researchers (e.g. Alley and Bourman 1984, Bourman and Alley 1990, 1995, 1999) were able 
to recognise the units described by Alley and Bourman (1984) within sections away from the Cape 
Jervis type section. However, correlations between sections are yet to be made. With the exception of 
the Waterloo Bay section, all sections logged in this study were also investigated by Bourman and Alley 
(1984, 1990, 1995, 2013). Here, the sedimentary rocks observed in the Waterloo Bay section are 
suggested to represent units four and five of Alley and Bourman (1984; Figure 2:11b) based on 
similarity in the lithologies preserved and stratigraphic relationships of the lithologies. Where the units 
were described in relation to the sedimentary rocks at the other sections, specific unit boundaries have 
been established at each section (see stratigraphic logs above). The unit boundaries were positioned 
using the depositional setting described by Bourman and Alley (1984, 1990, 1995, 2013), however the 
units were not visually represented in the previous studies.  
The correlation of units across the Troubridge Basin will allow spatial distribution to be assessed and 
for any lateral differences to be recognised, leading to better understanding of basin-wide variations 
in depositional setting. The stratigraphic correlations made here (Table 2:1; Figure 2:12) are based on 
the unit descriptions of Alley and Bourman (1984) together with interpretations based on the facies 
analysis approach of glacigene settings described by Eyles et al. (1983) and Miall (2000). The approach 
in facies analysis of glacigene rocks and the interpretation of the depositional processes is based on 
the identification of key sedimentary characteristics, in particular sedimentary structures and the 
relationship of these characteristics with depositional processes. Given the weathered nature and lack 
of well-preserved sedimentary structures in the sections it is not possible to use these facies definitions 
as intended by Eyles et al. (1983) and Miall (2000), however, where possible the relationships between 
the glacigene sedimentary rocks and depositional processes have been assessed.  
Table 2:1 has a summary of the characteristics of each unit, the unique lithologies of the unit as well 
as the overall unit characteristics based on observations described in Section 2.3. The correlations 
between the measured sections are demonstrated in Figure 2:12, where the unique characteristics for 





Figure 2:12 Correlation of measured sections from east to west across the basin. The approximate thickness of each unit is 
recorded within the unit boundaries. The unique lithology for each unit is highlighted. These lithologies were the basis for 
correlations detailed in the text and Table 2:1. Section locations are in Figure 2:1. Detailed stratigraphic logs of each section 
are in Appendix 1. Overlying and underlying stratigraphy from (left to right) Zang et al. (2006), Bourman and Alley (1990), 




2.4.2 Depositional setting of late Palaeozoic sedimentary rocks 
Previous researchers (e.g. Crowell and Frakes 1971b, Alley and Bourman 1984, Crowell and Frakes 
1971a, Alley et al. 1995, Bourman and Alley 1988, Bourman and Alley 1999) have proposed that during 
the Permo-Carboniferous glaciation Gondwana was at high latitudes and close to the South Pole. 
During this time a continental-scale, wet-based ice mass moved from Antarctica through southern 
Australia and advanced north and east to cover most of South Australia and extended into surrounding 
states. The ice mass then retreated in a south to southeasterly direction. This was followed by a marine 
transgression and subsequent regression. The Troubridge Basin was initially covered by the ice mass 
and was later covered by the transgressing sea.  
The Cape Jervis Formation represents changing glacial environments as the ice mass advanced then 
retreated. The glacial conditions varied depending on the underlying substrate and surrounding 
landscape. These conditions are reflected not only in the differences between sections but also within 
the same unit.  
Glaciated bedrock surfaces 
Two types of glaciated basement surfaces are exposed; polished glacial pavements; and, frost-
scattered bedrock (Figures 2:1b, 2:3a, 2:5a). Striated, polished pavements are present in close 
proximity to the Hallett Cove, Kings Point and Kingscote composite sections (Figure 2:1; Milnes and 
Bourman 1972, Bourman and Alley 1988, 1990, 1995, 1999). These surfaces have been eroded by the 
abrasive action of rock particles transported at the base of the ice mass to create a polished, striated 
and rock-scoured pavement (Figure 2:13a; Glasser and Bennett 2004, Bennett and Glasser 2009). 
Striations and other rock-scoured features such as chatter marks and concentric grooves provide an 
indication to the direction of ice movement (Bennett and Glasser 2009). These properties were all 
observed at Hallett Cove (Figures 2:6, 2:7a). A northwesterly ice movement direction was interpreted 
by Bourman et al. (1976), Bourman and Alley (1988) and Bourman and Alley (1990) from ice movement 
indicators across the Troubridge Basin.  
Although the general ice movement direction is northwesterly there is some variation in the striae 
direction measured across the basin. Milnes and Bourman (1972), Bourman and Milnes (1976) and 
Bourman et al. (1976) observed an east to west ice movement near Mount Compass, at Port Elliot and 
in the Inman Valley (Figure 2:1b). While Milnes and Bourman (1972), Bourman and Alley (1990 and 
1999) and Alley et al. (2013) observed northeast to north northeast ice movement directions at Hallett 
Cove and across Kangaroo Island. The difference in ice movement direction have been attributed to 
the presence of ice tongues that preceded the icesheet (Bourman and Miles 1976, Bourman and Alley 
1999, Alley et al. 2013).  
The basal melting of ice tongues typically causes the over-deepening of existing valleys (Alley et al. 
1995, Nick et al. 2010) forming U-shaped valleys such as the Inman Valley and the valley at Hallett 
Cove. The polished pavements document the abrasion and quarrying of the underlying strata while 
the striations document the direction the ice flows (Benn et al. 2003).  
Gelifract is not the product of direct contact with the ice mass, however, is an example of a glaciated 
bedrock surface (e.g. Alley and Bourman 1984). Gelifract was observed underlying the glacigene 
sedimentary rocks of the Cape Jervis section (Figures 2:2b, 2.3a). The fracturing of basement rocks has 
been attributed to frost shattering that occurred due to periglacial conditions prior to the beginning of 




surfaces are not part of the Cape Jervis Formation, it is important to recognise their presence as it 
indicates that the overlying sedimentary rocks are glacial in nature.  
Depositional setting of lodgement till (unit 2) 
Diamictite of unit two are exposed at Cape Jervis and Hallett Cove. At both locations the lodgement till 
directly overlies bedrock. Although the Cape Jervis Formation overlies the bedrock at Kings Point, 
lodgement till is not exposed (Figure 2:7b). This may be an example of where the lodgement till was 
removed by the advancing ice mass or that no lodgement till was deposited in the area. This differs 
from Hallett Cove (Figure 2:4b) and Cape Jervis (Figure 2:2b) where the glaciated basement is directly 
overlain by lodgement till. 
Lodgement till (unit two) represents deposition of debris that is transported subglacially (e.g. within 
or by a glacier) in crudely stratified basal layer with an intense abrasive action (Eyles and Miall 1984, 
Bennett and Glasser 2009; Figure 2:13a). Deposition occurs when the friction between the ice mass 
and the debris (sediment and rock fragments) is such that the debris stops moving or the debris is 
released by melting (Bennett and Glasser 2009; Figure 2:13a). The debris deposited is typically a dense, 
matrix-supported diamictite with a high concentration of locally-derived clasts (Eyles et al. 1983). A 
proportion of the clasts have glacially-faceted shapes which are characteristic and diagnostic (Eyles 
and Miall 1984). The debris is then deposited at the front and preserved underneath the advancing 
glacier. The typical geometry of lodgement till across sedimentary basins is ‘sheet-like’; lying above 
local and regional unconformities (Eyles and Miall 1984, Hambrey and Glasser 2012). Hambrey and 
Glasser (2012) concluded that debris deposited in a subglacial, basal setting of a temperate glacier 
would have a rare abundance, when compared diamictites deposited in other glacial settings, be clast-
rich (5 to 30%) with very angular to subrounded clasts where twice as many clasts were faceted then 
striated, poorly-sorted within a silt to sand matrix. The characteristics of unit two (Table 2:1) are 
consistent with the criteria for basal subglacial deposition within a temperate glacial setting of Eyles 
et al. (1983), Eyles and Miall (1984) and Hambrey and Glasser (2012).  
Unit two of the Cape Jervis Formation was deposited at the front and base of the glacier (Figure 2:13a). 
Up to six metres of the diamictite of the lodgement till was been preserved across the basin; specifically 
as valley fill at the Cape Jervis and Hallett Cove sections (Figure 2:12). Bourman and Alley (1990) 
reported that they had not seen any greater thickness of lodgement till or pre-till glacigene 
sedimentary rocks in the Troubridge Basin and after extensive investigation no greater thickness was 
seen during this study. It is unlikely that a greater thickness would be found as the continual erosion 
of the till underneath the advancing ice mass would have minimised accumulation. Erosion of the unit 
may also have occurred during the retreat of the ice mass resulting in some reworking and 
resedimentation of the debris (Eyles and Miall 1984, Ashley et al. 1985, Hambrey and Glasser 2012).  
As unit one was not observed, there is no evidence as to the change in depositional setting between 
units one and two. The contact between the underlying basement and the lodgement till is 
unconformable, which is caused by the erosion of sedimentary rocks by the glacier as it moved across 
the landscape. This fore fills the requirement of Eyles and Miall (1984) and Hambrey and Glasser (2012) 
for subglacial basal deposition. The overlying contact with sedimentary rocks of the fluviolacustrine 
beds is an abrupt contact between the diamictite of the lodgement till and fluviolacustrine clay beds 
(Figure 2:12). Where the contact was observed, there is no evidence of a pause in sedimentation by 




The lack of other lithologies (e.g. sandstone and clay units) within unit two (Figure 2:2b and 2:4b) 
suggests that there was a limited supply of meltwater to deposit beds of smaller grain size at this time. 
Elyes and Miall (1984) suggested that a wide range of lithologies are commonly associated with 
subglacial basal deposition within cold based glacial settings where channel fill is a result of subglacial 
stream drainage. This expands on the depositional setting described by Alley and Bourman (1984) and 
(Bourman and Alley 1990, 1999, Alley et al. 2013) that the lodgement till was deposited by the 
advancing ice mass.  
 
Figure 2:13 a) Stylised depositional setting during the migration and stagnation of the ice mass and the deposition of units 
two and three; b) Stylised depositional setting during the retreat of the ice mass and related marine transgression and the 
deposition of units four and five. These diagrams a representation of a perfect exposure and are based on what is seen 




Depositional setting of the fluviolacustrine beds (unit 3)  
The fluviolacustrine beds (unit three) were observed at all sections except for Waterloo Bay (Figure 
2:12), the thickness of the unit varies from 5m at Kings Point up to at least 24 m at Hallett Cove (Figure 
2:12) The varying lithologies (i.e. clay, sandstone and diamictite) within unit three suggest that the 
depositional processes for vary implying a dynamic, evolving depositional setting. Bourman and Alley 
(1990) and Bourman and Alley (1995) propose that the alternating clay, sand and diamictite beds of 
the fluviolacustrine beds (unit three; Table 2:1) are the result of variable ice decay rates. Investigating 
the depositional process of each lithology can provide a better understanding of the depositional 
setting of unit three.  
The massive to finely laminated clay and silt beds were likely deposited in a low energy environment. 
Miall (2000) suggests that the fine laminations in the clay beds were deposited in an abandoned 
channel or waning flood plain setting; while, Hambrey and Glasser (2012) proposed that very fine-
grained laminate with no clasts suggest deposition in an ice-proximal glaciolacustrine setting. Given 
that the ice mass was likely still proximal to the Troubridge Basin and the similarity of the clay beds in 
unit three to Hambrey and Glasser’s (2012) description an ice-proximal glaciolacustrine is the most 
likely depositional setting.  
Glacial lakes can develop in a number of environments, such as at the front of a stagnant glacier, or 
between moraines and the ice mass, or by the draining of glacial waters into pre-existing basins 
(Bennett and Glasser 2009). It is likely that the glacial lakes of the Troubridge Basin formed from glacial 
water draining into low-lying areas (Figure 2:13a) when the ice stagnated in the Gulf St Vincent. This 
depositional setting was also surmised by Bourman and Alley (1999) and Alley et al. (2013).  
The fine- to medium-grained sandstone beds of unit three, are typically interbedded with the clay beds 
(Figure 2:13). The sandstone beds increase in frequency up section suggesting a gradual change in 
glacial conditions. Bennett and Glasser (2009) listed resedimentation by gravity flows, current 
reworking or shoreline sedimentation as mechanisms for sandstone deposition within a glaciofluvial 
environment. Eyles et al. (1983) and Miall (2000) both correlated horizontally bedded sandstone beds 
with sediment-heavy flows and laminated clays deposited into subglacial ponds. Hambrey and Glasser 
(2012) linked a high abundance of well sorted sand or silt beds with a very low (<5%) striated and 
faceted clast occurrence with fluvioglacial streams. 
The sandstone beds of unit three are typically massive to thinly bedded with minor occurrences of 
poor-preserved planar and trough cross-beds in the Cape Jervis and Kingscote sections. Due to the 
poor-preservation of the cross-beds information such as palaeocurrent directions could not be 
established. Of the depositional processes listed by Bennett and Glasser (2009), gravity flows, current 
reworking and shoreline sedimentation can be ruled out due to the lack of sedimentary structures. The 
processes of Eyles et al. (1983), Miall (2000) and Hambrey and Glasser (2012) are similar in that they 
describe meltwater streams transporting sediment away from the ice mass. Meltwater streams (or 
channels) associated with the flow of water away from the ice mass can form subglacially (beneath the 
ice), laterally (along the ice margin; Figure 2:13a) and in proglacial locations (in front of the ice; Bennett 
and Glasser 2009). The cross-bedded sandstone beds are likely scour fill or minor channel fill deposits 
(Miall 2000). Given the discontinuous exposure of the sand and sandstone beds across the basin it is 
not possible to determine where the meltwater streams originated. It is likely that all three types of 




Dropstones occur sporadically throughout both the clay and sandstone beds of unit three, particularly 
at the Cape Jervis and Hallett Cove sections (Figures 2:3b, 2:5f, g). The presence of dropstones is 
indicative of glacial ‘rain-out’ or ice-rafted debris flows (Eyles et al. 1983, Miall 2000, Bennett and 
Glasser 2009, Hambrey and Glasser 2012). When icebergs and the resultant ‘rain-out’ is in low 
concentrations, isolated dropstones are deposited on the finer materials that have accumulated at the 
bottom of the lake (Bennett and Glasser 2009). The presence of dropstones in unit three suggests that 
there were ice bergs on the surface of the glacial lakes (Figure 2:13). The dropstones at Cape Jervis and 
Hallett Cove and contortion of the underlying beds and draping of overlying beds (Figures 2:5f, g, 
2:13a) suggests they were deposited via gravity (underlying contortion) and remained undisturbed 
(overlying draped beds). Bourman and Alley (1990) also suggested that icebergs where the source of 
the dropstones and contorted beds associated with them in unit three at Hallett Cove.  
Eyles et al. (1983) suggested that ice-rafted debris flows may also be the depositional process 
responsible for diamictite deposits. In unit three diamictite beds are interbedded with the sandstone 
and clay beds in the upper unit three (Figure 2:13). The irregular shape and lithological nature of the 
diamictite lenses and beds (e.g. sorting, clast shape) suggests deposition in an environment where 
there was the degree of disaggregation of grainsize and current activity was minimal, which occurs 
where the depth of the lake is at a minimum (Bennett and Glasser 2009). Eyles et al. (1983) attributed 
these characteristics with bank erosion and collapse into melt stream channels. Hambrey and Glasser 
(2012) extended the characteristics of the diamictite to boulder to gravel sized, very angular to 
rounded clasts within a sand to silt matrix that is well sorted. These clasts are deposited by supraglacial 
channels and deposited where water ponds.  
The sandstone and diamictite of unit three (Figure 2:12) represent a transient influx of higher energy 
into the glacial lake system. This may have been triggered via several mechanisms, including deposition 
from meltwater flows, direct deposition from the front of the ice mass, ‘rain-out’ from icebergs, 
resedimentation by gravity flows, current reworking and shoreline sedimentation (Bennett and Glasser 
2009).  
Unit three of the Cape Jervis Formation was likely deposited in a subaqueous or subglacial 
fluviolacustrine setting. Where sediment heavy channel flows and ice rafted debris flows with minor 
channel flows supplying sediment and debris into glacial lakes. Bourman and Alley (1990) and Alley 
and Bourman (1984) postulated that the ice was likely stagnant in the Gulf St Vincent to enable the 
development of glacial lakes. The presence of the silt and clay beds in unit three are evidence of the 
glacial lakes that formed between the ice mass and palaeoshore. It is not known if the lakes were 
continuous along the coastline or if a series of discrete lakes formed. This is also reflected in the 
depositional setting postulated by Alley and Bourman (1984). 
The lower section of the unit is dominated by clay and silt beds suggesting that the glacial lake was 
likely a very low energy environment and there was minor input from meltwater streams depositing 
the sandstone beds. The increased presence of sandstone beds and diamictite lenses and beds towards 
the top of the unit (Figure 2:12) suggest that at some point the conditions changed, perhaps initiated 
by a change in climate and retreat of the glacier. Additionally, the cross-bedded sandstone in the Cape 
Jervis and Kingscote sections (Figure 2:2b) suggest deposition within shallow water environment, such 
as channel flow following downwasting of the ice mass. It is therefore possible that the glacial lake 
became increasingly shallow due to the deposition of sediment and the decrease of water input via 
meltwater before the ice conditions changed to enable the deposition of the flow till complex (unit 




The tilting of the lower fluviolacustrine beds at Cape Jervis is likely due to sub-aqueous collapse of the 
saturated sedimentary rocks prior to consolidation. Similar tilting of unit three was not observed at 
any other section or above and below the tilted unit three sedimentary rocks at Cape Jervis.  
The depositional setting change represented by the clay dominance of the lower part of the section 
and the sand dominance in the upper part of the section is important as it indicates a change from a 
dominantly lacustrine to fluvial settings. The damming of meltwater to create glacial lakes occurred 
during the stagnation of the ice mass causing thick beds of clay and silt to deposit between the 
deposition of thin sandstone and diamictite beds. The change to dominant sandstone and diamictite 
beds and thin clay and silt beds was triggered by the initiation of the melting of the ice mass. This 
change in depositional setting was also recognised by Alley and Bourman (1984) who suggested the 
formation of a series of a kame terraces that deposited fluvial sedimentary rocks intermittently causing 
the interfingering of alluvial and lacustrine sedimentary rocks.  
Depositional setting of the flow till complex (unit 4)  
Unit four is approximately 11 m thick at the type section; at Kings Point the unit is at least ten metres 
thick while at Waterloo Bay it is at least 2.5 m thick (Figure 2:12). At the type section the unit consists 
of unstratified and unconsolidated diamictite (Figure 2:2b) whereas at the other sections it consists of 
thin (<1 m) beds and lenses of diamictite interbedded with either clay or sand beds (Figures 2:6b, 2:8b). 
Sedimentary rocks similar to those at Kings Point were also observed at Hallett Cove and Kangaroo 
Island by Bourman and Alley (1999) and Alley et al. (2013). The different lithologies of the flow till 
complex across the Troubridge Basin reflects variable depositional conditions during the decay and 
retreat of the glacier.  
Alley and Bourman (1984) and Bennett and Glasser (2009) suggest that the deposition of flow till 
complex is the result of highly unstable supraglacial debris flowing downslope. The debris is released 
due to constant ablation occurring on the surface of the melting ice mass. The unstable material 
accumulates on the constantly changing ice surface until enough debris has accumulated to be 
released down the melting ice slope where it is deposited (Figure 2:13b). The properties of the 
resulting diamictite is dependent on water content, debris character, (e.g. size of clasts, proportion of 
rock flour), the surface gradient and the composition of the depositional surface (Bennett and Glasser 
2009). Broadly, the greater the water content the more debris is deposited. Sand and silt beds within 
the flow till complex are associated with the reworking of the debris by meltwater that originates from 
the base and top of the ice mass (Bennett and Glasser 2009). Miall (2000) suggested that 
unconsolidated to clast-supported diamictites are deposited as debris flows from valley glaciers. If the 
diamictites also have inverse grading. Miall (2000) proposed depositional processes such as low-
strength and pseudoplastic debris flows.  
The unconsolidated or clast-supported nature of the diamictite beds suggests reworked glaciofluvial 
materials according to Hambrey and Glasser (2012). Other properties associated with reworked 
glaciofluvial deposits include, deposits with 80 to 100% clasts that have a very low (<10%) occurrence 
of striated and faceted clasts within a sand to silt sized matrix that is moderately well sorted. Eyles et 
al. (1983) associate a diamictite that is mostly unconsolidated, with dominantly rounded clasts that 
have no orientation interbedded with fluvial lithologies and other resedimented diamictites with 
depositional processes within a valley glaciers. The resedimented diamictites extend into channel fills 
where they may become increasingly sandy with reduced clasts. Eyles et al. (1983) also suggest that 




2:6b), may be evidence of resedimentation in an environment with debris-rich and debris-poor glacial 
ice that is melting. While Bennett and Glasser (2009) attribute it to the preferential washing out of the 
clay and silt sized particles before coarser sedimentary rocks where deposited. 
The interbedded clay and sand beds of unit four may have been deposited via meltwater, as suggested 
by Eyles et al. (1983), that either reworked the finer sedimentary rocks in the debris, or via the same 
mechanisms as the sand beds of the fluviolacustrine material in the underlying unit three (i.e. pooling 
glacial water such as glacial lakes and sediment laden meltwater streams). The variation in the degree 
of interaction with meltwater between the flow till complex sedimentary rocks deposited at the Cape 
Jervis versus Kings Point and Waterloo Bay sections may reflect the position of the ice mass in relation 
where the till was deposited. The mixing of meltwater flow and debris flow deposits at Kings Point and 
Hallett Cove is indicative that the ice mass was stagnant or slowly moving, which would permit the 
formation of meltwater streams (Bennett and Glasser 2009). The mass flow of the debris at Cape Jervis 
was likely at the front of the retreating ice mass.  
The varied lithofacies within the flow till complex are due to the diversity of glacial environment and 
instability of the ice mass as it retreats and decays. Deposition occurred both subglacially and 
subaqueously with debris flows and intermittent fluviolacustrine depositional processes. The clay and 
silt beds were deposited via glacial lakes that remained or were formed by trapping water between 
the ice and the built up debris. The sand and sandstone beds were deposited via meltwater streams 
flowing out from the ice mass. The diamictite beds were deposited when the top of the ice mass 
released debris trapped in the upper ice mass. These varied depositional settings are the cause of the 
differing thicknesses of the individual beds and the total thickness of the flow till complex at each 
measured section.  
These observations are consistent with Alley and Bourman (1984) and Bourman and Alley (1999) where 
it was surmised that the flow till complex was deposited during the downwasting and slow retreat of 
a large ice mass. Additionally the occurrence of temporal glacial lakes and the associated 
glaciolacustine sedimentary rocks was suggested by Bourman and Alley (1990) and Alley et al. (2013). 
Compared to the diamictite of the lodgement till (unit two), the diamictite of the flow till complex (unit 
four) has larger clasts which are mostly angular and are both locally- and distally-derived. The clasts 
increase in size up-profile. The matrix of the diamictite also reflects the dynamic depositional 
conditions. The matrix consists of unconsolidated sand grains which increase in size up-profile. It is 
likely that the diamictite was deposited by an icesheet rather than an ice tongue. The ice tongues likely 
melted before the ice mass retreated to the Troubridge Basin, likely decaying first as the ice would 
have been not as thick as the icesheet. The angular clasts and mixed source are indicative of an icesheet 
deposition. 
At Waterloo Bay the contact between the flow till complex and overlying glaciomarine clay is 
transitional (Figures 2:8a, 2:9b), which is suggested to be, indicative of a glacial environment where 
debris deposition continued during the influx of marine waters. The debris deposition occurred 
periodically allowing the silty clay beds to be deposited between deposition of debris beds. At Cape 




Depositional setting of the glaciomarine sediments (unit 5) 
The glaciomarine sediments preserved at Cape Jervis and Waterloo Bay vary in thickness up to at least 
11 m (Figure 2:12). Unit five was deposited in a quiet, marine environment where it is likely that the 
marine waters were locally influenced by the downwasting and presence of glaciers or icesheets.  
Previous studies (e.g. Ludbrook 1969b, Foster 1974, Alley and Bourman 1984) recognised the 
sedimentary rocks are glaciomarine and surmised that deposition occurred in marine waters 
influenced by the presence of glaciers or icesheets where meltwater continually introduced 
sedimentary rocks to the environment. Ludbrook (1969b) and Foster (1974) both recognised the 
effects of the glacial meltwater on the salinity and density of the marine waters which in turn affected 
the species of foraminifera. Foster (1974) added that the influence of the meltwater was likely to be 
isolated to the proximity of the meltwater inlet. Palynological studies conducted by Ludbrook (1969b) 
and Foster (1974) suggest that the marine waters were cold with low salinity during the deposition of 
the glaciomarine sediments. The cool temperatures of the water are likely a function of the climate 
and proximity of the ice and meltwater flow input.  
The mechanisms of deposition of unit five are similar those that occur in glacial lakes however the 
presence of marine foraminifera suggests a low energy marine depositional setting. Bennett and 
Glasser (2009) listed these to be direct deposition from the ice mass front; ‘rain-out’ from icebergs; 
deposition from meltwater flows; settling of sedimentary rocks in suspension; current reworking; and 
shoreline sedimentation. Rhythmically laminated clay and silts in glacial successions are typically 
described as varves however similar deposits such as turbidites can form due to low-viscosity density 
flows. Turbidite deposits without ripples and slumping suggest proglacial or ice-distal deposition where 
tidal and seasonal-stimulated changes in meltwater discharge control the amount of finer grained 
materials transported from the ice and deposited via suspended sediment plumes. Ice-distal 
deposition of turbidites are typically associated continental ice margin settings (Eyles 1993, Miall 
2000). Hambrey and Glasser (2012) observed that glaciomarine deposition of massive or laminated 
clay with minimal clasts (<5%) and some sandstone beds are typically deposited via a combination of 
settling from suspension (clay) and iceberg rafting (sandstone).  
Given the fine-grained, clay and silty clay nature of the glaciomarine sediments, it is likely that the 
mechanism of deposition is largely due to settling of sedimentary rocks that are in suspension in a low 
energy environment as suggested by Eyles et al. (1983), Miall (2000), Bennett and Glasser (2009) and 
Hambrey and Glasser (2012). The increase of distinct bedding in the clay sedimentary rocks at Cape 
Jervis (Figure 2:2b) indicates that deposition occurred in a marine environment which was potentially 
deepening due to the increase melting of the ice mass, where sedimentary rocks were continually 
introduced to the environment via meltwater flows from the retreating glacier (Figure 2:13b; Alley and 
Bourman 1984). 
Sandstone beds within the unit (Figure 2:12) are proposed to have been deposited via meltwater flows 
and iceberg ‘rain-out’ (Figure 2:13b). Deposition of the sandstone beds via current reworking or 
shoreline sedimentation would result in cross-bedded sandstone (Bennett and Glasser 2009), which 
was not observed. The lack of a significant population of dropstones indicates that deposition via ‘rain-




2.5 Summary of glacial sedimentology of the Cape Jervis Formation 
The deposition of the sedimentary rocks of the Cape Jervis Formation can be summarised as five depositional 
settings each signifying a change in the glacial environment (Figure 2:13).  
1. Development of glaciated bedrock surfaces either due to pre-glacial freeze-thaw of the 
substrata to form gelifract as observed at Cape Jervis or due to the movement of the ice mass 
over the substrate forming glaciated pavements that were observed across the Troubridge 
Basin. This movement polished the underlying rock and caused the development of glacial 
movement indicators such as striations and chatter marks. Large erratics were deposited. 
2. Deposition of lodgement till as the advancing of the ice mass moved generally from south to 
north. The diamictite is made up of dominantly locally-derived sedimentary rocks that were 
deposited in front of and under the ice mass. 
3. The stagnation and subsequent melting and retreat of the ice mass in the Gulf St Vincent led 
to a series of glacial lakes forming between the ice and coastal cliffs. During this time clay and 
silt beds were deposited due to the settling of suspended fine material within the lakes. 
Sandstone beds of unit three were deposited due to the settling of suspended coarser-grained 
material and via the action of meltwater streams. Dropstones originated from the melting of 
icebergs within glacial lakes. Indications of a change in depositional settings are marked by an 
increase in the frequency and thickness sandstone and diamictite beds at the top of unit three, 
which was caused by an increase in melting of the ice mass. 
4. Further down-wasting and the commencement of the southerly retreat of the glacier is 
signified by deposition of the flow till complex. The diamictite of unit four was deposited as 
saturated debris released by constant surface ablation and then deposited down slope. 
Sandstone beds and lenses between the diamictite beds were deposited via meltwater flows 
from the base of the ice mass. 
5. A rise in sea-level, possibly initiated by the melting of the ice mass, led to a marine incursion 
where glaciomarine clay sedimentary rocks where deposited over the flow till complex. The 
presence of stagnant and retreating ice continued to supply meltwater and coarser (sand) 
sedimentary rocks to the marine water, ultimately lowering the salinity. The increasing 





Chapter 3: Sedimentology of late Palaeozoic 






This chapter describes the results of the sedimentology of the sedimentary rocks carried out on three 
measured sections of the Arckaringa Basin. Measured sections were systematically logged and 
sampled by the author and Dr. Steve Hill, Dr. Robert Dart and Steve Hore during a field trip during 
January 2011. Analytical methods include observations of the physical characteristics of the 
sedimentary rocks including detailed petrology and mineralogy. Petrological analysis was conducted 
by the author at Adelaide Microscopy at the University of Adelaide using thin sections prepared by 
Pontifex and Associated Pty. Ltd. in Adelaide. Mineralogical (spectroscopic) analysis and data 
processing was conducted by Georgina Gordon using the HyloggerTM 3-3 at the Department of State 
Development, Geological Survey of South Australia Core Store Facility in Glenside, Adelaide.  
This chapter builds on research initially conducted by Ludbrook (1961) and expanded upon by 
Townsend and Ludbrook (1975) which focused on the stratigraphic nomenclature of the Boorthanna, 
Stuart Range and Mount Toondina formations. Detailed studies at specific sites were also conducted 
by Heath (1963, 1965) and Freytag (1964, 1965). These are duly referenced throughout this chapter. 
The depositional settings of the sedimentary rocks of the Arckaringa Basin, based on their 
sedimentology are presented herein. This chapter has been written as an independent publication and 









Late Palaeozoic sedimentary rocks of the Arckaringa Basin in northern South Australia include 
diamictite and sandstone units of the Boorthanna Formation that were deposited as lodgement till 
under fluvioglacial conditions. The clast size and matrix sedimentology suggest that the diamictite units 
were sourced from both continental icesheet and valley or ice tongue glaciers, which is in contrast to 
accepted models that do not consider multiple glacial influences in sediment deposition. The 
sandstone units of the Boorthanna Formation were deposited in meltwater streams at the final stage 
of deglaciation. The uppermost unit of the late Palaeozoic Arckaringa Basin, the Mount Toondina 
Formation consists of carbonaceous sandstone and siltstone units. The interbedded nature of this unit 
as well as the sedimentology implies that the sedimentary rocks were deposited in an alternating 
lacustrine and fluvial setting.  
Comparison with the depositional model for temporally equivalent late Palaeozoic sedimentary rocks 
of the Troubridge Basin shows that the lowermost sedimentary rocks in both basins comprise 
lodgement till that was deposited via the action of icesheets and valley glaciers. The depositional 
processes in the two basins then became different so that sedimentary rocks within the Arckaringa 
Basin were being deposited in a deepening marine setting whilst fluvioglacial and glaciomarine 
sedimentary rocks were being deposited in the Troubridge Basin. The depositional environment of the 
Arckaringa Basin then moved to being terrestrial, and alternating lacustrine and fluvial sedimentary 
rocks were deposited. At this time the Troubridge Basin moved to a deepening glaciomarine 
environment. 
3.1 Introduction 
Extensive glacigene sedimentary rocks are preserved across much of Australia as a result of a major 
glaciation event that covered most of the Gondwana supercontinent throughout the Carboniferous 
(Crowell and Frakes 1971a, 1971b, Alley et al. 1995, Veevers 2006). Within South Australia, the 
geological record for this time is preserved within discrete, remnant basins. One depocentre of late 
Palaeozoic sedimentary rocks is the Arckaringa Basin (Figure 3:1; Ludbrook 1961, McGowran 1973, 
Hibburt 1995). The glacigene sedimentary rocks within the Arckaringa Basin are deeply covered (up to 
1000 m depth). Localised, disconnected exposures are preserved along the eastern and western 
margins of the basin. The poor exposure implies that comparisons between the depositional settings 
of temporally equivalent glacial sedimentary rocks within basins across South Australia have not been 
made.  
Due to poor exposure combined with insufficient geophysical and drilling logs of the Arckaringa Basin, 
the stratigraphic definition of the late Palaeozoic sedimentary rocks is poor (Hibburt 1995). The 
stratigraphy has been broadly divided into three units (e.g. Ludbrook 1961, 1967, Harris and 
McGowran 1971, McGowran 1973, Townsend and Ludbrook 1975). The lowermost stratigraphic unit, 
the Boorthanna Formation, dominantly comprises basal glacial deposits that unconformably overlie 
the basement. The glacigene sedimentary rocks are unconformably overlain by the Stuart Range 
Formation, which was deposited in a marine setting (Figure 3:2). The Mount Toondina Formation forms 
the uppermost stratigraphy of the Arckaringa Basin and represents sedimentary rocks deposited in a 
marine to freshwater lacustrine and fluvial environment (Figure 3:2; Ludbrook 1961, Harris and 






Figure 3:1 a) Approximate limits of the Arckaringa Basin. Locations of exposed late Palaeozoic sedimentary rocks at Box Creek, 
Mount Dutton and Mount Toondina are given. Significant geological elements such as major troughs and isopachs of late 
Palaeozoic sedimentary rocks, field locations and drill holes addressed in this chapter are shown adapted from Hibburt (1995) 
and Alley et al. (1995); b) Location of the Arckaringa Basin in South Australia. Other Late Palaeozoic sedimentary basins and 
Archean to Proterozoic basement rocks relevant to this study are also shown. ARC: Adelaide Rift Complex; AB: Arckaringa 
Basin; BB: Bowen Basin; PB: Pedirka Basin; CB: Canning Basin; CoB: Cooper Basin; EB: Eucla Basin; GC: Gawler Craton; OB: 





Depositional models for the late Palaeozoic sedimentary rocks in the Arckaringa Basin are mostly based 
on fitting rudimentary sedimentological observations into pre-existing, continental-scale 
reconstructions. These models suggest that the glacigene sedimentary rocks were deposited within 
various glacial environments including a continental-scale icesheet, glaciolacustrine and fluvioglacial 
(Crowell and Frakes 1971b, Alley et al. 1995). A detailed depositional model for the sedimentary rocks 
of the Arckaringa Basin itself is yet to be proposed.  
This study details the sedimentology of late Palaeozoic sedimentary rocks exposed on the eastern 
Arckaringa Basin. These data are used to correlate the surface exposures with subsurface type sections 
(taken from drill holes) to develop a more holistic understanding of the depositional processes of 
glacigene sedimentary rocks within the Arckaringa Basin. A model of the depositional setting for the 
sedimentary rocks of the Arckaringa Basin is proposed. This model is then compared to the 
depositional model of similar aged sedimentary rocks in the Troubridge Basin.  
 
 
Figure 3:2 Idealised composite section of the Arckaringa Basin, succession from the Precambrian basement to the Cretaceous 
sediments that are typically exposed on the surface. Adapted from Townsend (1973). 
3.1.1 Geological setting  
The late Palaeozoic Arckaringa Basin is an intracratonic basin that covers approximately 80 000 km2 of 




exposures of late Palaeozoic sedimentary rocks are located along the north-eastern, eastern and 
southwestern margins of the basin (Figure 3:1; Hibburt 1995). The Boorthanna and Phillipson Troughs 
on the eastern and southern edge of the Arckaringa Basin respectively are the main depocentres 
(Figure 3:1; Hibburt 1995).  
The Arckaringa Basin overlies Precambrian Gawler Craton basement (Figure 3:2). The basin is bound 
to the east by the Peake and Denison Ranges, to the south by the continuation of the Gawler Craton 
and to the west by the Officer Basin (Figure 3:1). Possible occurrences of late Palaeozoic sedimentary 
rocks in drill holes in the Everard Ranges suggest that the basin may extend at least 100 km further to 
the west (Alley et al. 1995).  
Arckaringa Basin sedimentary rocks are thickest in the Boorthanna and Phillipson troughs (Figure 3:1). 
Both have at least 1000 m of late Palaeozoic sedimentary rocks as defined by drilling and geophysical 
surveys (Townsend 1973, Townsend and Ludbrook 1975, Hibburt 1995). Smaller, shallower troughs, 
including the Tallaringa, Wintinna, Karkaro, Mount Furner and Wallira troughs (Figure 3:1), have been 
identified in the west of the basin (Townsend 1973, Alley et al. 1995).  
The eastern edge of the Boorthanna Trough (Figure 3:1) is bound by a NNW trending fault, movement 
along which resulted in horst-like uplift of the Peake and Denison Ranges (Figure 3:3; Townsend 1973). 
The southern margin of the Tallaringa Trough (Figure 3:1) is also fault bound (Figure 3:3; Townsend 
1973). Townsend (1973) surmised that the network of troughs and basement highs within the 
Arckaringa Basin are all controlled by bounding faults. Wilmot (1987) suggested that development of 
the Boorthanna Trough was initiated during the late Proterozoic to Early Cambrian (ca 500-540 Ma) by 
extensional reactivation of the former Adelaide Rift Complex area, or by fault activity within a region 
of crustal weakness around the northeastern edge of the Gawler Craton. Syn-depositional faulting 
continued through the Neoproterozoic to the late Palaeozoic (Wilmot 1987, Rogers et al. 1996a, Alley 
et al. 1995). Menpes et al. (2010) proposed that the Phillipson and Wallira Troughs (Figure 3:1) were 
formed by glacial scouring. Seismic interpretations show the troughs are fault controlled and most 
likely deepened by glacial scouring during the Permo-Carboniferous glaciation (Wilmot 1987). These 
troughs were later filled with late Palaeozoic sedimentary rocks. Most of the Arckaringa Basin is 
covered with the lower Cretaceous Cadna-Owie Sandstone, Bulldog Shale or upper Jurassic 





Figure 3:3 Schematic cross section of a) the Arckaringa Basin from the western Tallaringa Trough across the central basement 
high to the top of the Boorthanna Trough adapted from Townsend (1973); and b) Subsurface stratigraphy based on drilling 
from the north western margin on the Arckaringa Basin through the central basin to the southern Boorthanna Trough adapted 





Sediment deposited from continental, wet-based icesheets are typically thin (generally less than 100 
m thick; Ashley et al. 1985). The glacial sedimentary rocks extend for hundreds, and in some instances 
thousands, of kilometres. Preserved sedimentary rocks are generally restricted to discrete basins 
where the continental glaciers caused depressions and forebulge, resulting in the formation of basins 
and topographic highs. The discrete basins were depocentres for the glacial sedimentary rocks (Ashley 
et al. 1985, Bennett and Glasser 2009).  
Sedimentary rocks deposited by wet-based glaciers are typically dominated by a basal unit of 
lodgement till (Ashley et al. 1985, Bennett and Glasser 2009). The composition of the lodgement till 
varies depending on the underlying geology so that where the glacier has moved over hard basement 
rocks the majority of the lodgement till includes material it directly overlies. Where the glacier has 
moved over more easily eroded materials the lodgement till is deposited in a greater thickness in 
topographic lows such as basins. The till is a locally diverse sediment and may not possess a strong 
particle fabric (Bennett and Glasser 2009). The lodgement till can be interrupted locally by subglacial 
rivers, which rework the sedimentary rocks into sands and gravel beds (Bell 1998). Other sedimentary 
rocks typically in the glacial succession, such as glaciolacustrine and flow till sedimentary rocks, are not 
unique to wet-based glaciers (Ashley et al. 1985). Therefore the distribution and thickness of the 
lodgement till is the most diagnostic feature for a wet-based glacial environment (Ashley et al. 1985). 
Surface features such as glacially polished and striated pavements may also be indicative of wet-based 
glacial activity (Ashley et al. 1985).  
Arckaringa Basin stratigraphy  
The late Palaeozoic Boorthanna, Stuart Range and Mount Toondina Formations of the Arckaringa Basin 
are a succession of glacial, marine and freshwater deposited sedimentary rocks (Figures 3:1, 3:2, 3:3; 
Alley et al. 1995). These units have been defined based on lithological and geophysical logs of drill 
holes and in mapping of areas around Mount Toondina and the Peake and Denison Ranges (Freytag 
1965, Allchurch and Wopfner 1967, Ludbrook 1967, Townsend and Ludbrook 1975, Holmes and 
Rayment 1970). Exposures of these sedimentary rocks are poor and not representative of complete 
formations; cored sections of drill holes are limited and existing stratigraphic and geophysical log 
quality is poor. The lack of reliable data implies that stratigraphic definitions are incomplete (Hibburt 
1995). The age, sedimentology and depositional setting of the stratigraphic units are summarised in 






were also used for geochronological and geochemical analysis. The samples were of varied lithologies 
which included sand, clay, silt and diamictite with varying degrees of weathering. 
3.2.2 Mineralogical analysis 
The bulk mineralogy of samples was investigated using petrographic and spectroscopic analysis. 
Petrographic analysis of thin sections determined relationships between grains and matrix as well as 
alteration. Petrologic analysis was performed on representative samples from each section. Samples 
were selected so as to represent each of the preserved units, with minimal post-depositional 
alteration, and as being consolidated where possible.  
Polished petrological thin sections (dimensions: 7.5 by 2.5 cm) of consolidated sediment were 
prepared by Pontifex and Associates Pty. Ltd., Adelaide. Petrographical analysis was done on selected 
samples from each measured section at Adelaide Microscopy, University of Adelaide using a Nikon 
Petrographic Microscope.  
A representative split of rock chips from each sample collected was placed into black chip trays and 
analysed using the HyLogger™3-3 at the Department of State Development Core Storage Facility in 
Glenside, Adelaide. HyLogger™ Core Scanning and HyChips™ modes were used to detect the visible to 
shortwave infrared (Vis-SWIR: 380-2500nm) wavelengths, and the thermal infrared wavelengths (TIR: 
6000-14500nm, core logging mode only). The minerals identified using infrared wavelengths include 
white micas, kaolinite, carbonate minerals in the SWIR, and tectosilicates such as pyroxene, silica, 
feldspars and garnets in the TIR. High resolution images were taken on every sample every 2mm. 
HyLogger™ core logging mode analysis was done by scanning across each sample four times, allowing 
for overlap to maximise the viable spectra. HyChips™ mode analysis was done by scanning three times 
using only Vis-SWIR wavelengths. Three readings were taken per sample. 
Results were processed using The Spectral Geologist (TSG) HotCore software to allow viewing in the 
free TSG Viewer software provided by AusSpec International Inc. Data processing included removal of 
data from any non-sample material (e.g. black plastic of the chip trays). Processing did not account for 
geological context of the samples or removal of any specific mineral species prior to processing. 
Routine machine calibrations were performed prior and post-analyses. 
3.3 Sedimentology and mineralogy 
As exposures of late Palaeozoic sedimentary rocks are sparse and scattered along the eastern margin 
of the Arckaringa Basin, it was necessary to go to several sites. This enabled the observation of the 
changing facies of the formations as well as the sampling of these facies.  
3.3.1 Mount Dutton sections 
Mount Dutton is located to the NE of the Arckaringa Basin (Figure 3:1). Late Palaeozoic sedimentary 
rocks of the area have been previously described by Heath (1963, 1965). Sedimentary rocks were 
collected from five locations (Figure 3:4a).  
The lowermost unit is best exposed at site one (0 to 1 m; Figure 3:4a) as approximately 2000 m long, 





Figure 3:4 Broad regional geology of the a) Mount Dutton and b) Box Creek, adapted from Heath (1963) and Rogers et al. 
(1996a) showing sample site location; b) Composite stratigraphic log of the sedimentary rocks incorporating sample site 
locations and the spectroscopic mineralogy. The location of Box Creek and Mount Dutton is shown in Figure 3:1. Black dots: 




typically between 10 and 50 cm in diameter although some are several metres. Most of the cobbles 
and boulders (approximately 80%) are rounded, elliptical, fine-grained quartzite, with subordinate 
shale, dolomite and minor porphyry and granite gneiss. Approximately half of the cobbles and boulders 
are polished and have at least one striated and faceted surface.  
The lowermost unit (1 to 1.6 m) passes conformably upward into a 0.6 m thick, pebbly, matrix-
supported diamictite with a clay-sized purple matrix that is best exposed at site two (Figures 3:3a, 
3:4b). The clasts are rounded to subangular, fine-grained quartzite up to 20 mm in diameter. 
Hyperspectral analysis identified siderite, phengite, muscovite, goethite and hematite within the 
matrix (Figure 3:4c).  
The pebbly diamictite is overlain by a 1m thick, variably silicified and ferruginous pebbly, matrix-
supported diamictite with a coarse-grained sandstone matrix (1.6 to 2.75 m). This diamictite contains 
subangular to rounded, dominantly quartzite clasts up to ten millimetres (Figures 3:5c, d). The upper 
surface of this unit (2.75 to 2.85 m), forming a 2000 by 200 m land surface exposed at sites three and 
four (Figure 3:4a), is dominated by 1 to 10 cm fragments of ferricrete and quartzite (Figure 3:5d).  
The ferruginised diamictite passes upward into a 1.2 m thick of fine-grained sand with clay cement 
(2.85 to 4.1 m). The sand is unconsolidated and pale to grey-green with orange Fe-oxide mineral 
mottles. The sand-sized component is dominated by quartz, with trace muscovite and lithic fragments. 
The cement is dominantly Fe-oxide and kaolinite (Figure 3:4c).  
The sand passes upward into an approximately one metre thick green, unconsolidated sandy clay that 
is best exposed at site five (Figure 3:4a, c). This unit from 4.1 to 5.5 m, is laminated at millimetre-scale 
with alternating clay and medium-grained sand beds (Figures 3:5e, f). The clay beds consist of closely 
packed and well sorted quartz and clay in roughly equal portions, with patches of Fe-oxide minerals 
(Figure 3:5c). Patches of high Fe-oxide mineral concentration within the clay beds are darker and 
quartz-poor (<5% quartz). The sand laminae contain subrounded to angular and poorly sorted quartz 
grains ranging between 10 and 100 µm size within a matrix of clay and Fe-oxide. Lithic fragments and 
muscovite account for approximately 2% of the rock (Figures 3:5e, f). The volume of pore space in the 







Next page: Figure 3:5 Mount Dutton; a) Striated boulder approx. 100 cm long and 30 cm wide from the erratic field (site 1); 
b) lodgement till diamictite with rounded to angular clasts from 1.2 m; c) Ferricrete fragments that makes up the area 
between sites three and 4; d) Pieces of ferricrete that dominate the land surface of sites three and 4, small quartz pebbles 
can be seen within the samples from 2.8 m; e) Photomicrograph of the sandy clay showing clay and sand laminae from a 
sample collected from 4.9 m; f) Photomicrograph of very fine-grained sand laminae within sandy clay showing a dominant 
kaolinite and Fe-oxide mineral cement region amongst poorly sorted quartz grains. Sample is the same as the previous 
photomicrograph of 3:4e. Qtz: quartz; kln: kaolinite; Ms: muscovite; cly: clay minerals; Fe: Fe-oxide mineral cement; Fe/Kln: 







3.3.1 Box Creek area section 
Box Creek crosses the Oodnadatta Track northwest of William Creek (Figure 3:1a) on the southeastern 
edge of the Arckaringa Basin. The site investigated (Figure 3:4b) is a ~2.5 m high creek terrace wall 
composed of sandstone (Figure 3:4c, 3:6a). The sedimentary rocks at Box Creek have not had any 
detailed sedimentological descriptions except for a brief reference in Parkin (1956). 
The base of the section at Box Creek is a 1.2 m buff to yellow, fine-grained sandstone (Figure 3:4c). The 
sandstone is moderately-sorted with subrounded to angular quartz grains between 50 and 200 
microns. The lower 0.5 m of this unit is thinly laminated, dominated by quartz in a cement of kaolinite, 




laminations become less frequent and there are decimetre-scale soft sediment deformation features 
(Figure 3:6b).  
The basal sandstone (0 to 1.2 m) is overlain by 0.5 m of buff to pale pink, very fine-grained quartz 
sandstone (Figure 3:4c) with minor lithic fragments (1.2 to 1.7 m). The quartz grains have irregular, 
subrounded to angular shapes and range from 100 to 200 µm (Figures 3:7c, d). Millimetre-scale 
laminations are defined by subtle variation in grain size. Fine-grained laminations have closely packed 
quartz grains that average 50 µm (Figure 3:6d). Coarse-grained laminations are defined by grains from 
100 to 200 µm and larger pore spaces than the fine-grained laminae (Figure 3:6d). The cement consists 
of Fe-oxide minerals (goethite and hematite), kaolinite and Mg-chlorite (Figures 3:6c, d). In the top ten 
centimetres of the unit (1.6 to 1.7 m), chlorite is absent and siderite is present (Figure 3:4c). This 
horizon has been ferruginised and silicified. The original cements have been replaced, and most pore 
space is filled by Fe-oxide minerals (Figure 3:5d). The fine-grained sandstone is overlain by a 0.8 metre 
thick (1.8 to 2.5 m) internally massive coarse-grained quartz sandstone with a cement of kaolinite, 




Figure 3:6 a) Box Creek sandstone profile showing different grain sizes throughout the profile. Profile is approximately 2.5 m 
height; b) Soft sediment deformation (highlighted by white dashed lines) at the 0.9 to 1.1 m; the top of the basal medium-
grained sandstone; c) Photomicrograph of the medium-grained sandstone from Box Creek showing a coarse portion on the 
sandstone and the variation in grain shapes. Sample collected from 1.0 m; d) Photomicrograph of the medium-grained 
sandstone from Box Creek showing a lamina of very fine-grained to clay sized quartz grains within the fine-grained sandstone 
Sample is the same as the previous photomicrograph of 3:5c. Qtz: Quartz; Kln: Kaolinite; Ms: Muscovite; RF: rock fragment; 





3.3.2 Mount Toondina section 
Mount Toondina is in the northeast of the Arckaringa Basin (Figure 3:1). Various levels of the late 
Palaeozoic stratigraphy are exposed due to the interplay of uplift and erosion (Figures 3:7a, 3:8a, b). 
These sedimentary rocks have been previously described by Freytag (1964, 1965), Youles (1976), 
Wopfner (1977), and (Hibburt 1995). An approximately 80m section of late Palaeozoic sedimentary 
rocks are exposed within a northeast to southwest oriented channel (Figures 3:7a, 3:8a).  
The easternmost (and lowermost) 12m of the section is an upward fining sequence of laminated 
medium to fine grained quartz-rich sandstones and siltstones. This includes two 50 to 100 cm thick 
horizons of mixed silt and lignite that are laminated at millimetre to centimetre-scale (Figure 3:7b). 
The sandstone laminae consist of subangular quartz grains and occasional kaolinitic clasts up to 100 
µm size. The sandstone has visible pore space between the quartz grains (Figure 3:7b, 3:8c). The pore 
space between these quartz grains has been in-filled with kaolinite and minor Fe-oxide minerals. Small, 
rounded lignite grains are preserved outside of the lignite bands (Figure 3:7b, 3:8c). 
Carbonaceous units become more abundant from 30 to 65 m where they account for approximately 
40% of the sequence (Figures 3:7b, 3:8a). These include shale, silt and sandstones interbedded at 
metre-scale, with variable organic content ranging from a few percent to near 100% within discrete 1 
to 2m wide bands of lignite. The lignite is unconsolidated and poorly exposed (Figures 3:8b). The 
inorganic component of the carbonaceous sandstones is dominated by quartz with kaolinite cement 
(Figure 3:4c). The westernmost (uppermost) 15m of the section consists of fine to medium-grained 
sandstones and siltstones, within an upward coarsening sequence.  
This sequence is steeply southwest dipping and dissected by numerous faults. No younging indicators 
were observed, and observations follow Freytag’s (1965) interpretation that the sequence youngs to 
the southwest. The possibility that the apparent mirror symmetry of the section is the result of a 
structural repetition cannot be ruled out. The section consists of a sequence of dominantly fluvial and 






Figure 3:7 a) Regional geology of Mount Toondina adapted from Freytag (1965); b) Stratigraphic log of the sedimentary rocks 
incorporating the sample line (left) and spectroscopic mineralogy. The location of the Mount Toondina area is shown in Figure 






Figure 3:8 a) Part of the channel along which the Mount Toondina section was mapped showing the exposed stratigraphy as 
well as the younger evaporate crust that obscures the underlying late Palaeozoic sedimentary rocks. The late Palaeozoic 
carbonaceous sedimentary rocks are distinguishable by their dark grey colour. Photo taken looking northeast; b) Upper five 
metres of the section (76 to 81 m) showing interbedded sandstone and lignite. The stake signifies the top of the section; c) 
Photomicrograph of the interbedded sandstone and lignite from the base of the section (at four m). Small laminations of 
sandstone are observed within the lignite beds. 
3.4 Discussion 
3.4.1 Stratigraphic correlation  
Given the discrete exposures of the Arckringa Basin succession in the Boorthanna Trough, there have 
been few detailed studies that correlate between the surface exposures of the Boorthanna and Mount 
Toondina formations or with the subsurface type sections. The exposed sedimentary rocks of the 
Arckaringa Basin investigated here have been compared with previously described subsurface type 
sections to place them in the correct stratigraphic context (Figure 3:8). The type section of the basal 
Boorthanna Formation is in the Boorthanna 1 drill hole (Figure 3:1). The type sections of the Stuart 
Range Formation and Mount Toondina Formation are in the Cootanoorina 1 drill hole (Figure 3:1; 
Townsend and Ludbrook 1975).  
The correlation of units across the Boorthanna Trough will allow spatial distribution of the units to be 
assessed, leading to better understanding of basin-wide variations in depositional setting. The 
stratigraphic correlations made here (Table 3:1; Figure 3:8) are based on the unit descriptions of 




of glacigene settings described by Eyles et al. (1983), Miall (2000) and Hambrey and Glasser (2012). 
The approach in facies analysis of glacigene rocks and the interpretation of the depositional processes 
is based on the identification of key sedimentary characteristics, in particular sedimentary structures 
and the relationship of these characteristics with depositional processes. Given the weathered nature 
and lack of well-preserved sedimentary structures in the sections it is not possible to use these facies 
definitions as intended by Eyles et al. (1983) and Miall (2000), however, where possible the 
relationships between the glacigene sedimentary rocks and depositional processes have been 
assessed.  
The diamictite at Mount Dutton (Figure 3:4c) has previously been described as being part of the 
Boorthanna Formation by Heath (1963) and Freytag et al. (1967), however no direct correlation to the 
type sections have been made. The diamictites in the lower Boorthanna Formation are the only 
diamictite unit recognised in the type sections of the late Palaeozoic sedimentary rocks in the 
Arckaringa Basin (Townsend and Ludbrook 1975). Here, the sedimentary rocks at Mount Dutton are 
correlated with the diamictite of the lower unit of the Boorthanna Formation type section (Figure 3:9). 
The sandstone section and lag deposits at site one at Box Creek (Figure 3:4b) have also been correlated 
with the Boorthanna Formation. More specifically, the sedimentary rocks likely correlate with the 
upper part of the sandstone unit in the Boorthanna 1 that directly overlies the diamictite (Figure 3:9). 
Within this unit there are occasional clasts and erratics as well as rare pebbles that may be 
representative of the lag deposits scattered around site one. The sandstone section correlates with a 
sandstone bed between siltstone beds that dominate this part of the type section. This correlation was 
suggested by Rogers et al. (1996b) although no direct correlation with Boothanna 1 was made. 
The section at Mount Toondina (Figure 3:7a) was the type section for the Mount Toondina Formation 
prior to the identification and interpretation of the more complete sedimentary rocks of the Mount 
Toondina Formation in Cootanoorina 1 (Freytag 1965, Townsend and Ludbrook 1975). The Mount 
Toondina section was then correlated with the upper part of the reinterpreted Mount Toondina 
Formation subsurface type section (Townsend and Ludbrook 1975; Figure 3:9). This correlation is 
based on the upper unit of the Mount Toondina Formation being more carbonaceous than the lower 






Figure 3:9 Stratigraphic columns showing the subsurface type sections for the Boorthanna, Stuart Range and Mount Toondina 
Formations within drill holes Boorthanna 1 and Cootanoorina 1 adapted from Townsend and Ludbrook (1975), and the 
correlative surface stratigraphic logs for each of the sites investigated in this study. The locations of drill holes are shown in 
Figure 3:1. See Figures 3:4c and 3:7b for detailed stratigraphic logs of surface sections. 
3.4.2 Depositional setting of late Palaeozoic sedimentary rocks 
Depositional reconstructions for the late Palaeozoic sedimentary rocks in southern Australia suggest 
that during the time when Gondwana was at high latitudes and close to the south pole a continental-
scale, wet-based icesheet moved from Antarctica through southern Australia and rapidly advanced 




and Bourman 1984, Bourman and Alley 1988, 1995, 1999). The icesheet retreated in a south to south 
south-easterly direction followed by a marine transgression and subsequent regression. The basin was 
then dominated by freshwater conditions where fluvial and lacustrine conditions alternated. The late 
Palaeozoic stratigraphic units of the Arckaringa Basin reflect the major changes in the depositional 
processes as the climate transitioned from glacial (Boorthanna Formation) to marine (Stuart Range 
Formation) to terrestrial freshwater (Mount Toondina Formation; Townsend and Ludbrook 1975).  
In this section, the depositional setting of each late Palaeozoic unit within the Arckaringa Basin is 
described. The previously suggested depositional processes are summarised, then the favoured 
depositional setting is described in detail with supporting evidence highlighted.  
Depositional setting of the Boorthanna Formation 
Diamictite and sandstone of Boorthanna Formation were observed at Mount Dutton and Box Creek 
(Figure 3:4). The sedimentary rocks at both sites have been correlated with the lower Boorthanna 
Formation in the subsurface type section (Figure 3:9; Townsend and Ludbrook 1975). It is largely 
accepted that the Boorthanna Formation was deposited during the glacial maximum and into the initial 
deglaciation (e.g. Freytag 1964, DeMaison 1969, Townsend 1973, Townsend and Ludbrook 1975, 
Wopfner 1977, Alley et al. 1995). The basal diamictites of the Boorthanna Formation are not as 
widespread as the rest of the formation, and are mainly restricted to the eastern edges of the troughs, 
especially the Boorthanna and Tallaringa troughs (Figures 3:3). Both Heath (1965) and Wopfner (1977) 
generally suggested that the diamictite of the Boorthanna Formation was deposited via an icesheet. 
However, the mechanisms for diamictite are varied and may include deposition via valley or ice tongue 
glaciers or icesheets (Bennett and Glasser 2009, Singh and Haritashya 2011) by way of direct glacial, 
glaciofluvial or glaciolacustrine deposition (Eyles et al. 1983, Ashley et al. 1985, Miall 2000, Hambrey 
and Glasser 2012).  
As the exposures of the Boorthanna Formation investigated are far from complete and lack continuity 
it is difficult to assess the depositional mechanisms. However, using the characteristics of the 
sedimentary rocks, particularly the diamictites, the potential depositional mechanisms have been 
evaluated using principles of glaciology as well as facies analysis.  
As the matrix of the cobbles and boulders of the erratic field was not observed it is difficult to assess 
the setting in which deposition occurred. The high proportion of faceted and striated clasts (~80%) at 
Mount Dutton (Figure 3:5a) suggest a temperate glacial setting (Eyles et al. 1983, Hambrey and Glasser 
2012) as cold-based glaciers do not have the erosional capacity due to the lack of frictional force and 
associated meltwater streams (Miall 2000, Bennett and Glasser 2009, Hambrey and Glasser 2012). 
Eyles et al. (1983) observed that debris flows from wet-based, temperate glaciers typically result in 
faceted clasts observed as boulder pavements. Eyles et al. (1983) also associated boulder units with 
massive, matrix-supported diamictites filled the lee-side of glacially formed landforms (such as the side 
of a ridge as observed at site one of Mount Dutton; Figure 3:4) with supraglacial deposition within a 
valley glacier setting. Benn et al. (2003) suggests that basal diamictite units deposited at the terminus 
of valley glaciers are typically clast-supported and imbricated and that fluvially rounded clasts such as 
those observed in the erratic field at Mount Dutton are typically observed in deposits from debris-
covered valley glaciers.  
The characteristics of the diamictite of the Boorthanna Formation at Mount Dutton and Box Creek are 
that it is massive and matrix-supported with angular to rounded pebble-sized clasts within a clay to 




diamictite deposits with angular to rounded clasts with no preferential orientation with supraglacial 
valley glacier deposition. When deposited in a sedimentary trough between a glacier and valley side, 
diamictites with these characteristics are frequently interbedded with fluvioglacial sediments (Eyles et 
al. 1983, Eyles and Miall 1984 and Miall 2000). Benn et al. (2003) also associated sandy diamictite with 
overlying laminated fine sediments with deposition at an ice/meltwater contact such as at the edge of 
a valley glacier. Bennett and Glasser (2009) suggest that icesheet deposited basal diamictite typically 
has a higher portion of angular, locally-derived clasts than the diamictite deposited by valley or ice 
tongue glaciers. The latter are typically deposited by a combination of meltwater and glacier debris 
flow with clasts that are rounded to angular and locally- and distally-derived within a matrix that is 
coarse-grained to clay (Bennett and Glasser 2009). Eyles et al. (1983), Miall (2000) and Hambrey and 
Glasser (2012) describe meltwater streams transporting sediment away from the ice mass. and Glasser 
2009). 
The sandstone and clay units at Mount Dutton and Box Creek are likely to be deposited in a glaciofluvial 
setting. Bennett and Glasser (2009) suggest gravity flows, current reworking and shoreline 
sedimentation as the main glaciofluvial depositional processes for siliciclastics, however, these can be 
ruled out due to the lack of sedimentary structures. Eyles et al. (1983), Miall (2000) and Hambrey and 
Glasser (2012) describe meltwater streams transporting sediment away from the ice mass. 
Additionally, Eyles et al. (1983) stated that massive to crudely-bedded sediments suggests rapid 
dewatering within a subaqueous environmentand Miall (2000) described similar siliciclastic sequences 
as deposited in a subaqueous valley glacier setting. Meltwater streams (or channels) associated with 
the flow of water away from the ice mass can form subglacially (beneath the ice), laterally (along the 
ice margin) and in proglacial locations (in front of the ice; Bennett and Glasser 2009). The ice mass that 
supplies the meltwater and debris is not easily distinguishable from the debris and sediment deposited 
especially when there are minimal diamictite interbeds.  
Bennett and Glasser (2009) suggest that the distribution of the diamictite in continental glacier settings 
map out the maximum distribution of ice. In comparison to continental glaciers, valley glaciers carry 
relatively small amounts of supraglacial debris (Benn et al. 2003) and therefore the diamictite of the 
Boorthanna Formation is likely to have been deposited by the continental ice mass. Benn et al. (2003) 
postulated that glacial debris is transported to the ice margin and concentrated into landforms with 
high preservation potential such as troughs. The restricted distribution of diamictite to the Boorthanna 
and Tallaringa troughs (Figure 3.3) suggests that this occurred in the Arckaringa Basin. The absence of 
diamictite in the Boorthanna Formation in the west and north suggests that the continental glacier 
may not have completely covered the basin.  
The clasts in the erratic field at Mount Dutton are typically rounded to subrounded, locally-derived 
clasts (Figure 3:5a), the diamictite that overlies the erratic field are rounded to subangular and locally-
derived (Figure 3.5b). These characteristics are consistent with glacial deposition in an environment 
with high erosion and transport such as valley or tongue glacial environments. Given the proximity of 
the Boorthanna Trough to the Peake and Denison Ranges which during the Permian were 
topographically higher than the Arckaringa Basin (Veevers 2006, Hall et al. 2016) it is likely that valley 
glaciers occurred along the eastern margin of the basin. It is probable that that the valley glaciers 
flowed into the Boorthanna Trough. The diamictite observed in the Tallaringa Trough is reported to be 
reworked and water transported glacial sediments (Townsend 1973). There are no modern highlands 
and few drill holes that have reached basement at depth to the west of the Arckaringa Basin suggesting 




Miall (2000) reported that fluvial and glaciolacustrine are often at the top of sequences deposited in a 
glaciated valley setting. These are typically overlying lodgement till and debris flows diamictites. Rogers 
et al. (1996b) interpreted the sandstones at Box Creek (Figure 3.4b) to be associated with subglacial 
deposits that formed at the end of a valley glacier. The absence of clasts in the sandstone units and 
the sparse occurrence of erratics are indicative of deposition by meltwater from a valley glacier (Benn 
et al. 2003). Bennett and Glasser (2009) suggest that the absence of clasts occurs when a glacier is in 
stages of stagnation and deglaciation and most clasts and erratics have already been extracted from 
the ice. The sandstone units include subrounded, elongate and rhombic-shaped grains that indicate 
less reworked, poorly-developed sediment (Figures 3:6c, d) when compared to the sedimentary rocks 
of Mount Dutton. The poorly-developed nature of this sediment indicates that it was likely derived 
from a local source as it has not been transported far.  
Heath (1963) suggested the sedimentary rocks are fan deposits, however the mostly very flat-lying 
nature of the strata suggests that fan deposits are unlikely. As both the Boorthanna and Tallaringa 
troughs are largely fault-controlled depocentres (Hibburt 1995) rather than glacially scoured U-shaped 
valleys, it is possible that any localised tilting of the sedimentary rocks was due to fault activity. This 
would hold for the Boorthanna Trough as a large fault is located on the eastern margin (Figure 3:3), 
which is where the tilted Boorthanna Formation sedimentary rocks are located. Townsend and 
Ludbrook (1975) suggest that the basal diamictites of the Boorthanna Formation were deposited in a 
fluvial and occasional lacustrine environment.  
It is not possible to determine which glacial setting was the more dominant depositional mechanism, 
however, it is likely that the diamictite was deposited by both the icesheet and smaller valley and ice 
tongue glaciers. Due to the mixed depositional mechanisms of the basal diamictite of the Boorthanna 
Formation it is likely that the diamictite is a lodgement till. In order to explain the westerly orientation 
of diamicitites in the Boorthanna Trough, previous researchers (e.g. McGowran 1973, Veevers 2006) 
have suggested deposition of the diamictites in the Boorthanna Formation to be associated with the 
presence of valley and upland glaciers within an alpine glacial system occurring within the Gawler 
Craton to the east of the Boorthanna Trough (Figure 3:1). This is consistent with the orientation of the 
sedimentary rocks would create depositional characteristics such as gentle slopes and partial 
deposition of the diamictites against basement highs, as is seen in the Boorthanna Trough and central 
Arckaringa Basin (Figure 3:3). Valley glaciers may have deposited the diamictites either directly or via 
meltwater streams in a westerly orientation as the glaciers would have been topographically higher 
and deposition would have occurred down slope. This may be indicative that valley and ice tongue 
glaciers were the dominant depositional setting, however, it is not conclusive. 
Depositional Setting of the Stuart Range Formation 
The Stuart Range Formation was not investigated as part of this study due to it being restricted to the 
subsurface in the Boorthanna Trough. The depositional setting described below has been constructed 
using facies analysis principles of the previously described lithology as well as any depositional 
environments inferred by previous researchers.  
The Stuart Range Formation and associated coal beds are interpreted to have been deposited during 
a marine transgression (Townsend and Ludbrook 1975). However, there is limited understanding of 
the conditions of the marine transgression which follows the deglaciation of the icesheet and 
deposition of the Boorthanna Formation. The general consensus is that a rapid climate shift was 




Wopfner and Jin 2009). The warming of the climate would have been a major factor in the initiation of 
the deglaciation and retreat of the late Palaeozoic glaciation (Isbell et al. 2012).  
The direction of the marine transgression is widely debated. Crowell and Frakes (1971b) suggested 
that a discontinuous marine and lagoonal epeiric sea spread across the continent during the Early 
Permian from the Canning Basin in Western Australia to the Arckaringa Basin, and then extended 
northward and eastward to inundate the Pedirka, Cooper and Bowen basins (Figure 3:1a). 
Alternatively, Alley et al. (1995) suggested that the marine transgression accompanied the decay of ice 
and the transgression into tectonic basins and isostatically depressed lowlands along the margin of the 
icesheet, however no directional indicators were suggested. Heath (1974) and McGowran (1973) 
postulated a connection to the southwest through the area later occupied by the Eucla Basin (Figure 
3:1a). Conversely, Wopfner (1964) and Veevers (2006) each argued that the sea came from the west, 
whereas Jones (1987) suggested the sea originated from the northwest. No matter the direction of the 
transgression it is widely agreed that the conditions were quiet, cold water restricted marine as 
indicated by fauna within the Stuart Range Formation (Allchurch and Wopfner 1967, Townsend and 
Ludbrook 1975, Alley et al. 1995, Rogers et al. 1996b).  
As the Stuart Range Formation was not investigated as part of this study no further insight to the 
depositional setting can be provided. The favoured depositional setting of the author is that the marine 
transgression likely originated from the west as suggested by Crowell and Frakes (1971b). This is 
favoured as the decaying and southerly moving icesheet is likely to have occupied the space to the 
south of the basin blocking the northerly movement of the transgressing sea.  
Depositional setting of the Mount Toondina Formation 
The Mount Toondina Formation is interpreted to have been deposited in an alternating fluvial and 
marine conditions that became increasingly freshwater with fluvial and lacustrine conditions. 
Townsend and Ludbrook (1975) proposed that the unit was deposited in a series of non-marine 
lagoons and swamps with intermittent deposition of fluvial sands. Alley et al. (1995) added that a 
crustal isostatic recovery or eustatic fall resulted in the termination of the marine sedimentation and 
the resulting return to freshwater conditions led to the development of coal swamps. These conditions 
are reflected in the Mount Toondina Formation which are characterised by bedded and laminated clay 
and siltstone sedimentary rocks interbedded with carbonaceous sedimentary rocks and occasional 
sandstone and lignite units.  
The controlling factors that effected the change from marine to freshwater conditions are poorly 
understood. It has been suggested by Veevers (2006) that the large amounts of sediment erosion that 
occurred during the Triassic removed evidence of these conditions. In some instances the change 
occurred gradually without a period of significantly reduced deposition, such as in the Arckaringa Basin. 
In other areas such as the Cooper Basin (Figure 3:1), distinct unconformities occur between the marine 
shale (Stuart Range Formation equivalent) and freshwater beds (Mount Toondina Formation 
equivalent; Wopfner 1972). 
3.4.3 Comparisons to the sedimentology of the sedimentary rocks of the 
Troubridge Basin 
The late Palaeozoic glacial setting of the Arckaringa Basin rapidly (from 295 to 285 Ma; Ludbrook 1961, 
1967, Jones 1987, Hibburt 1995, Tucker 1997) changes from glacial to marine to fluvial and lacustrine. 




Ludbrook 1961, 1967, Jones 1987, Hibburt 1995,). The same period in time (298 to 290 Ma; Ludbrook 
1967, 1969b, Harris and McGowran 1971, Foster 1974, Bourman and Alley 1990, Alley and Bourman 
1995) is recorded in glacial sedimentary rocks of the Cape Jervis Formation in the Troubridge Basin in 
southern South Australia (Figure 3:1a). Sedimentary rocks of the Cape Jervis Formation are better 
exposed than sedimentary rocks of the Boorthanna Formation, therefore the evolution of the glacial 
setting and corresponding sedimentary rocks in the Troubridge Basin are better understood.  
The Cape Jervis Formation is divided into five units and each unit is a sedimentological record of the 
glacial setting at the time of deposition (Chapter 2; Alley and Bourman 1984). The basal unit contains 
glaciated bedrock surfaces (e.g. gelifract) and glacially polished pavements, and is representative of 
the pre-glacial setting of the Troubridge Basin. Landscape features such as U-shaped valleys are also 
indicative of the initial stages of glaciation. As most of the Arckaringa Basin sedimentary rocks are 
covered, there have been no recorded occurrences of glaciated pavements, however, Menpes et al. 
(2010) suggested that the Wallira Trough is a series of U-shaped valleys.  
The lowermost sedimentary rocks (unit two) of the Cape Jervis Formation are a lodgement till 
comprising non-stratified diamictite with rounded to angular clasts within a sandstone matrix. 
Similarly, the basal diamictite of the Boorthanna Formation is composed of angular, subrounded and 
rounded clasts within a clay to sandstone matrix and is interpreted as a lodgement till in this study. 
The lodgement till of the Boorthanna Formation is restricted to small depocentres on the basin margins 
and in troughs. The subrounded and rounded clasts are likely to be derived from the debris of the 
valley or ice tongue glaciers (Bennett and Glasser 2009). Conversely, icesheet-derived clasts tend to be 
angular and locally-derived as the slow moving icesheet tends to shear and break the clasts rather than 
the rounding that occurs in the faster movement of a valley or ice tongue glacier. The characteristics 
of the lodgement till diamictite in both the Cape Jervis Formation (Chapter 2) and the Boorthanna 
Formation therefore suggest that the diamictite in both units was derived from the debris of both an 
icesheet and a valley or ice tongue glacier.  
The units that overlie the lodgement till in the Cape Jervis Formation include fluviolacustrine beds that 
comprise clay, silt and sandstone beds with occasional pebble and diamictite beds (unit three). The 
fluviolacustrine beds were deposited when the icesheet was stagnant and slowly decaying and glacial 
lakes formed from the increased meltwater flows. Fine-grained sedimentary rocks were deposited via 
settling of sediment within the glacial lakes, and fluviolacustrine (sandstone) beds were deposited via 
the action of meltwater streams (Chapter 2, Bourman and Alley 1990 , Bennett and Glasser 2009). 
These are in-turn overlain by the flow till complex (unit four). The flow till complex consists primarily 
of diamictite often interbedded with sandstone and pebble beds. The sedimentary rocks of the flow 
till complex are indicative of the retreat of the icesheet and associated rapid decay which released 
debris that was deposited in a mass flow (Chapter 2, Bennett and Glasser 2009). These glacial settings 
are not directly preserved in the glacial sedimentary rocks of the Boorthanna Formation or elsewhere 
in the Arckaringa Basin. The sandstone units at Box Creek that are part of the Boorthanna Formation 
(Figures 3:3b, 3:8) are suggested to be associated with subglacial fans deposited by meltwater action, 
and formed at the end of a valley glacier that was in the final stages of deglaciation (Bennett and 
Glasser 2009). The absence of any sedimentary rocks that indicate stagnation and retreat of the 
icesheet (e.g. akin to unit three of the Cape Jervis Formation) and deposition of the valley glacier 
sedimentary rocks (e.g. sandstones at Box Creek) suggests that the icesheet retreated at a time when 





The uppermost unit (unit five) of the Cape Jervis Formation consists of clay beds interbedded with 
sandstones and deposited within a deepening glaciomarine setting with occasional input of 
fluviolacustrine material via meltwater (Bennett and Glasser 2009, Chapter 2). The upper Boorthanna 
Formation is interpreted to have been deposited via turbidity currents during the initial stages of a 
marine transgression (Allchurch and Wopfner 1967, Hibburt 1995, Tucker 1997), and may therefore 
represent the initiation of the marine transgression that ultimately deposited the glaciomarine 
sediments of the Cape Jervis Formation (unit five). Deposition of sedimentary rocks in a deepening 
marine environment is also supported by the presence of the shales, clays and siltstones of the Stuart 
Range Formation that mostly conformably overly the Boorthanna Formation, and are interpreted to 
have been deposited in a transgressional marine environment (Ludbrook 1961, Townsend and 
Ludbrook 1975).  
Palaeontological investigations of the lodgement till (unit two) and glaciomarine sediments (unit five) 
of the Cape Jervis Formation estimate that the lodgement till is Asselian (295 to 298 Ma) age and the 
glaciomarine sediments are Sakmarian (290 – 295 Ma) age (Ludbrook 1967, 1969b, Harris and 
McGowran 1971, Foster 1974). The upper Boorthanna Formation has been constrained to an Asselian-
Sakmarian (290 – 298 Ma) age, while it is suggested that the Mount Toondina Formation is Late 
Asselian to Sakmarian age (Ludbrook 1967, Jones 1987, Hibburt 1995, Tucker 1997). This suggests that 
most of the late Palaeozoic successions of the Arckaringa Basin were deposited at the same time as 
the late Palaeozoic Cape Jervis Formation of the Troubridge Basin.  
Although the age of the successions is correlative, there are no direct sedimentological equivalents of 
the Stuart Range Formation and Mount Toondina Formation of the Arckaringa Basin in the Cape Jervis 
Formation in the Troubridge Basin. This suggests that there were variations in depositional settings 
across the two basins during this period. The presence of thick successions of marine sedimentary 
rocks of the Stuart Range Formation in the Arckaringa Basin that are temporally equivalent with glacial 
sedimentary rocks of the Troubridge Basin suggests that the Arckaringa Basin was inundated with 
seawater while the icesheet was still covering the Troubridge Basin. The alternating lacustrine and 
fluvial sedimentary rocks of the Mount Toondina Formation were then deposited after the marine 
waters had receded from the Arckaringa Basin region. The occurrence of the glaciomarine sedimentary 
rocks at the top of the Cape Jervis Formation indicates that the marine waters covered the Troubridge 
Basin at the same time as there were terrestrial conditions within the Arckaringa Basin during 
deposition of the Mount Toondina Formation. This indicates that the direction of marine regression 
was to the south southwest. 
3.5 Conclusions 
The physical characteristics of the late Palaeozoic sedimentary rocks of the Arckaringa Basin show that 
each exposed stratigraphic unit has unique and diagnostic features that can be related to individual 
depositional setting. The Boorthanna Formation can be largely recognised by the diamictite and 
sandstone sedimentary rocks that dominate the exposures at Mount Dutton and Box Creek. The Mount 
Toondina Formation sedimentary rocks are dominated by siltstone and shale units, some of which are 
calcareous. Lignite beds were recognised in the exposure of the upper Mount Toondina Formation. 
The Boorthanna Formation sedimentary rocks are also identifiable by the ferruginous materials they 




the Mount Toondina Formation therefore identification using ferruginous sedimentary rocks needs to 
be done carefully.  
The clast shape and matrix sedimentology of the Boorthanna Formation diamictite units suggest both that 
the glacial influence during deposition was both a continental icesheet and valley glaciers. This is in contrast 
to the most popular model of deposition that does not take into account the possibility of several glacial 
influences on deposition.  
Comparison of the sedimentology of late Palaeozoic sedimentary rocks within the Arckaringa Basin 
with temporally equivalent glacial sedimentary rocks of the Cape Jervis Formation in the Troubridge 
Basin demonstrates that the lowermost units in both basins comprise lodgement tills deposited via the 
action of an icesheet and valley or ice tongue glaciers. The depositional mechanisms occurring in the 
Arckaringa and Troubridge basins subsequently became variable. In the Arckaringa Basin, shales and 
clays of the Stuart Range Formation were deposited in a deepening marine setting and overlain by 
alternating lacustrine and fluvial sedimentary rocks of the Mount Toondina Formation that were 
deposited as the marine waters receded from the Arckaringa Basin region. Contemporarily equivalent 
sedimentation in the Troubridge Basin involved deposition of fluvioglacial and glaciomarine 
sedimentary rocks (units three and four of the Cape Jervis Formation) and overlain by interbedded silts 
and sandstone in a deepening glaciomarine environment with transient fluvioglacial input (unit five of 
the Cape Jervis Formation). This suggests that there were marine conditions in the Arckaringa Basin at 
the same time as the Troubridge Basin was covered in ice. The marine waters then regressed to the 
south so that terrestrial conditions were present in the Arckaringa Basin at the same time as the 
Troubridge Basin was in a deepening marine setting.  
Chapter 4: Zircon provenance of Late 
Palaeozoic glacigene sedimentary rocks in the 






This chapter presents the results of the LA-ICP-MS U-Pb zircon geochronology, carried out on selected 
samples of the Cape Jervis Formation of the Troubridge Basin and the Boorthanna Formation of the 
Arckaringa Basin. Samples used were collected during the sampling of the measured sections detailed 
in Chapters 2 and 3. Sample preparation, mineral separation and zircon mount preparation was 
conducted by the author at the University of Adelaide. Zircon imaging was conducted by the author 
using the Phillips XL-40 Scanning Electron Microscope at Adelaide Microscopy, University of Adelaide. 
Zircon U-Pb analysis were conducted by the author using the New Wave 213nm Nd-YAG laser coupled 
to an Aglient 7500cs/7500s ICP-MS at Adelaide Microscopy, University of Adelaide over in five 
sessions between June and December 2012. Dr. Ben Wade and Augus Netting of Adelaide Microscopy 
provided invaluable assistance in the operation of the apparatus at Adelaide Microscopy. U-Pb LA-
ICP-MS data were processed using the GLITTER software (Griffin et al. 2008). Interpretation of the 
processed data was conducted by the author using the Microsoft Excel add in Isoplot 4.15 (Ludwig 
2003). Dr Katie Howard (University of Adelaide) provided assistance in the use of the data processing 
and interpretation software. The provenance of the Cape Jervis and Boorthanna formations and 
associated implications on glacial sediment transport are presented here. This chapter has been 







U-Pb zircon geochronological data was collected from from eight samples taken from late Palaeozoic 
glacigene sedimentary rocks in the Troubridge and Arckaringa basins in South Australia. The zircon 
age distributions provide an opportunity to constrain and compare provenance of the glacigene 
sedimentary rocks at different geographic locations and stratigraphic levels as an aide to interpreting 
palaeogeography and evolution of the Palaeozoic Gondwanan icesheet. The zircon grains have 
heterogeneous morphology, including numerous fragmented grains, and varying patterns of internal 
zoning consistent with diverse source rocks. The zircon populations significantly predate the ca 285-
300 Ma depositional age for the Troubridge and Arckaringa basins sedimentary rocks determined 
independently from palynology. Zircon populations from the Troubridge Basin are dominated by a 
significant mode at ca 550 to 650 Ma. Older zircons are more abundant in the glaciomarine 
sedimentary rocks in the upper part of the sequence. The Arckaringa Basin samples are characterised 
as having a large component of ca 900 to 1200 Ma and ca 1700 to 1900 Ma zircon age populations 
and containing a significant late Proterozoic to early Palaeozoic population. The resulting provenance 
assessment suggests that the sedimentary rocks from the Troubridge Basin were sourced almost 
exclusively from the Kanmantoo Group and the Transantarctic Mountains of Antarctica. Conversely, 
the Arckaringa Basin sedimentary rocks were primarily sourced from the Gawler Craton and Adelaide 
Rift Complex.  
4.1 Introduction 
Numerous studies investigating the provenance of sedimentary rocks and potential source regions 
within sedimentary basins have been conducted (e.g. Payne et al. 2006, Haines et al. 2011, Paulsen 
et al. 2013, Normington et al. 2015, 2016). These studies used known age constraints of surrounding 
basement terranes and U-Pb isotopic detrital zircon analyses to assess the potential of source regions 
of zircons within the basin sedimentary rocks. Identifying the potential source region of glacial 
sedimentary rocks can provided additional constraints on ice movement directions and processes of 
sediment deposition related to glacial activity (e.g. Haines et al. 2011). Additionally, provenance data 
can be linked into palaeogeographic reconstructions (e.g. Haines et al. 2011 and Normington et al. 
2016). 
A number of detailed continental (e.g. Crowell and Frakes 1971a, 1971b, Veevers 2006) to local-scale 
(e.g. Alley and Bourman 1984, Bourman and Alley 1990, 1999) palaeogeographic reconstructions that 
postulate ice movement directions have been proposed for the late Palaeozoic in southern Australia. 
However, there is no existing provenance data from the late Palaeozoic sedimentary rocks of South 
Australia and these reconstructions rely on the distribution of discrete remnants of glacigene 
sedimentary rocks and glacial pavements. 
It is recognised that the maximum depositional ages interpreted from detrital zircons do not always 
accurately represent the true timing of deposition. The depositional age of glacigene sedimentary 
rocks in the Troubridge and Arckaringa Basins (Figure 4:1) have previously been constrained from 
palynological studies (Chapters 2 and 3, Ludbrook 1961, 1967, 1969b, Harris and McGowran 1971, 
Foster 1974, Jones 1987, Bourman and Alley 1990, Alley and Bourman 1995, Hibburt 1995, Tucker 
1997). Bourman and Alley (1990) reported an Asselian age (298 – 295 Ma) for unit two of the Cape 





Figure 4:1 a) Approximate limits of the Troubridge Basin adapted from Alley and Bourman (1995), showing late Palaeozoic 
exposures adapted from Thompson and Horwitz (1962), Fairclough (2007), Belperio et al. (2009) and Zang and Crawford 
(2009). Measured sections and key locations are also shown; b) Limit of the Arckaringa Basin, showing the late Palaeozoic 
exposures adapted from Hibburt (1995), Rogers et al. (1996a) and Freytag et al. (1967). Measured sections and key locations 




was later confirmed in other studies (Ludbrook 1969b, Harris and McGowran 1971, Foster 1974). 
Ludbrook (1969b) constrained the age of the Boorthanna Formation to Sakmarian (290 – 295 Ma) 
and Hibburt (1995) reported that the Mount Toondina Formation is Artinskian (283 – 290 Ma). The 
depositional age ranges determined from palynological studies are considered to be highly indicative 
of the actual timing of sedimentation as these ages are constrained using foraminifera that lived in 
the waters present at the time of deposition (Mory and Backhouse 1997, Eyles et al. 2002). 
Conversely, the geochronological maximum depositional age may only approximate the true timing 
of deposition if sedimentation occurred during or immediately after a zircon forming or alteration 
event such as volcanism or high-grade metamorphism. There are no known zircon forming events, or 
events that would have altered existing zircon grains during the timing of deposition of the glacigene 
sedimentary rocks of the Troubridge and Arckaringa basins. Therefore, zircon U-Pb ages from the 
Troubridge and Arckaringa basins are unlikely to add further constraint to the depositional age of the 
sedimentary rocks, but rather will be highly useful in determining the source region(s) of the 
sedimentary rocks, which in turn may be used to infer glacial flow directions. 
Assessment of any given terrane as a potential source of sedimentary rocks in a region may be 
assessed as a potential source region as it will show similar age patterns in U-Pb probability plots to 
the sedimentary package being assessed. This has been successfully used to assess source regions of 
numerous sedimentary packages within sedimentary basins (e.g. Maidment et al. 2007, Haines et al. 
2011, Normington et al. 2015, 2016). In the case of the late Palaeozoic glacigene sedimentary rocks 
of the Troubridge and Arckaringa basins, potential source regions were selected based on 
palaeogeography. During the time of glacigene sedimentation, Australia was part of the Gondwana 
Supercontinent (Crowell and Frakes 1971b, Caputo and Crowell 1982, Alley et al. 1995, Veevers 2006), 
and southern Australia was attached to the northern part of Antarctica (Figure 4:2). This implies that 
the Kanmantoo Group, the Cambrian portion of the Adelaide Rift Complex (ARC), Gawler Craton and 
Antarctica are considered potential proximal sources for the Troubridge Basin. The Gawler Craton, 
Mesoproterozoic to Paleoproterozoic portion of ARC and the Musgrave Province are considered 
proximal sources and the Kanmantoo Group, Arunta Region and Transantarctic Mountains (TAM) of 
Antarctica distal sources for the Arckaringa Basin. These potential source regions are the modern day 
above-surface expression of the highlands that were likely exposed during the Permo-Carboniferous 
glaciation.  
This chapter will provide provenance analysis of late Palaeozoic glacigene sedimentary rocks from the 
Troubridge and Arckaringa basins (Figure 4:1) using zircon U-Pb geochronological analysis. The ages 
are discussed in relation to the provenance of the glacigene sedimentary rocks and known ice 
movement directions (e.g. Milnes and Bourman 1972, Bourman et al. 1976, Alley and Bourman 1984, 
Bourman and Alley 1988, 1990, 1999) provide a constraint on the sediment source direction. This 
subsequently allows a comprehensive assessment of the mechanisms of ice movement and processes 







Figure 4:2 Potential source regions of Australia and Antarctica (grey) in relation to the Arckaringa Basin and Troubridge Basin 
in blue. The Australian extent of the continental ice mass during the early Permian is shown by the broken line adapted 
from Crowell and Frakes (1971b). Diagram is not to scale and adapted from Foden et al. (2006). AB: Arckaringa Basin; AR: 
Arunta Region; ARC: Adelaide Rift Complex; GC: Gawler Craton; MP: Musgrave Province; TAM: Transantarctic Mountains; 
TFB: Taman Fold Belt; YB: Yilgarn Block. 
4.2 Methods 
4.2.1 Sample selection 
Nine samples from six key stratigraphic sections distributed within the Troubridge and Arckaringa 
basins were analysed. For detailed descriptions of the location, stratigraphy and sedimentology of 




grains, individual samples were taken from intervals with Zr content >200 pm as determined by whole 
rock geochemical analysis (see Chapter 5 for whole rock geochemistry methods). Systematic 
mineralogical assessment using thin sections was not possible. Zircons were not observed during 
petrological investigations and no mineralogical differences were observed to allow provenance 
assessments. Six samples of the Cape Jervis Formation representative of units two, three, four and 
five are from key localities at Cape Jervis, Kings Point, Kingscote and Waterloo Bay in the Troubridge 
Basin (Figure 4:3). One sample was also taken from the Hallett Cove section but had low zircon yield 
was not suitable for analysis. Three samples are from the Box Creek, Mount Dutton and Mount 
Toondina key localities in the Arckaringa Basin and represent the Boorthanna Formation (Box Creek 
and Mount Dutton) and Mount Toondina Formation (Mount Toondina; Figure 4:4).  
4.2.2 Zircon separation 
Samples were prepared for zircon extraction by crushing in a jaw crusher, sieving and collecting the 
79 – 400 micron fraction. Zircon concentrates were prepared through a process of panning, magnetic 
separation and heavy liquid separation. Highly magnetic minerals were removed via magnetic 
separation using a Franz isodynamic separator. The concentrate was further separated via heavy 
mineral separation using heavy liquid (methylene iodine) separation. Zircon grains were then 
handpicked from the concentrate and mounted onto epoxy resin blocks. The resin blocks were then 
polished with 0.25 µm diamond paste to reveal the grains and provide a smooth surface for analysis.  
4.2.3 Imaging 
The internal structure of the zircon grains was imaged using back scattered electron and 
Cathodeluminescence (CL) techniques on a Phillips XL-40 Scanning Electron Microscope (SEM) with 
an attached Gatan CL detector at Adelaide Microscopy, University of Adelaide. Images were used to 
target cores or rims within individual grains to maximise the analysis of a cohesive part of the grain.  
4.2.4 Data acquisition and processing 
Isotopic analysis was undertaken using Laser Ablation Inductively Coupled Plasma Mass Spectrometry 
(LA-ICP-MS) at Adelaide Microscopy, University of Adelaide and follow the methodology of Payne et 
al. (2006) and Howard et al. (2011). Due to the possibility that the ages obtained could range from 
250 Ma to beyond 2000 Ma, the isotopic ratio used to determine the age of a zircon grain was 
dependant on the 207Pb/206Pb isotopic ratio (Cawood et al. 2003). Zircon grain ages older than 1500 
Ma were calculated based on the 207Pb/206Pb ratio, and zircon grain ages younger than 1500 Ma were 
calculated using the 206Pb/238U isotopic ratio. Data were processed using the GLITTER software 
developed at Macquarie University, Sydney (Griffin et al. 2008).  
Instrument drift and U-Pb fractionation were corrected using the GEMOC GJ-1 standard zircon 
(Jackson et al. 2004) and accuracy was checked using Plešovice zircon standard mean ID-TIMS (Slama 
et al. 2008). The normalised ages for the standards analysis during the study were within error as 
reported by Jackson et al. (2004) and Slama et al. (2008). The standard ages for each of these as well 






Figure 4:3 Stratigraphic sections of key locations within the Troubridge basin showing location of samples used for 
geochronological analysis. Photos of samples from which zircon grains were separated are shown. Dashed lines show 
correlation of stratigraphic units across the key locations. Location of the key sites are given in Figure 4:1. Detailed 






Figure 4:4 Sample locations, sample photos and section correlation of Arckaringa Basin measured section, section locations 
are shown in Figure 4:1. Sample locations are marked on sections in orange. Photos of samples from which zircon grains 
were separated are shown. Detailed descriptions of the stratigraphic sections are given in Chapter 3. 
4.3 Results 
4.3.1 Troubridge Basin 
Zircon descriptions 
Zircon grains have a comparable range of morphologies in the eight samples taken from the 
Troubridge Basin. Zircon grains range from approximately 50 to 250 µm in size, are euhedral to 
subhedral and typically elongate (Figure 4:5). Broken grain fragments are common (Figure 4:5). In 
cathodoluminescence (CL) images, zircon grains exhibit varying internal structure; most show zoning 
which includes complex growth zoning, sector zoning and broad zoning (Figure 4:5; Corfu et al. 2003). 
There is some indication of metamorphic recrystallisation and new growth as some zircon grains 
preserve cores and outer concentric zones. Some grains have rims with a brighter-CL response, while 




structure. Examples of the internal structure of zircon grains from the Cape Jervis Formation are 
shown in Figure 4:5 and summaried in Table 4:1. 
 
Figure 4:5 Representative CL images of zircon grains of the Cape Jervis Formation. Each sample is identified in the bottom 
right hand corner of each image. Laser spots (30 µm size) are shown in red. Zircon numbers relate to the figure reference 






One hundred and eleven zircon grains were analysed from the flow till complex. Of these, 23 analyses 
were within 10% concordance (Figures 4:6g, h. The U-Pb isotopic ages of the concordant analyses 
range from ca 3235 and 530 Ma (Figure 4:7d). The strongest mode is between ca 530 and 630 Ma (n 
= 12). Lesser modes occur at ca 740 to 770 Ma (n = 2), ca 1025 to 1120 Ma (n = 3), ca 2010 to 3240 
Ma (n = 6; Figure 4:7d). 
Unit 5 - glaciomarine sediments  
Cape Jervis Section 
One hundred and fifty-seven zircon grains were analysed from the sandstone. Fifty-five analyses were 
within 10% concordance (Figures 4:6i, j). The U-Pb isotopic ages of the concordant analyses range 
from ca 3735 to 370 Ma (Figure 4:7e). The strongest mode is from ca 510 to 640 Ma (n = 18). Lesser 
modes occur at ca 370 to 475 Ma (n = 3), ca 730 to 870 Ma (n = 4), ca 950 to 1640 Ma (n = 17), ca 
2205 to 3740 Ma (n = 13; Figure 4:7d). 
Waterloo Bay section 
One hundred and eleven zircon grains were analysed from the Waterloo Bay sample and 74 were 
within 10% concordance (Figures 4:6k, l). The U-Pb isotopic ages of the concordant analyses range 
from ca 3070 and ca 380 Ma (Figure 4:7e). The strongest mode is between ca 510 and 750 Ma (n = 
28). Lesser modes occur at ca 380 Ma (n = 1), ca 900 to 1260 Ma (n = 19), ca 1500 to 1940 Ma (n = 9) 











Previous Page: Figure 4:6 Concordia plots of all zircon grain analyses from the Cape Jervis Formation a) all analyses from 
unit two at Cape Jervis; b) analyses of zircon grains with ages <1500 Ma from unit two at Cape Jervis; c) all analyses from 
unit three at Kings Point; d); analyses of zircon grains with ages <1500 Ma from unit three at Kings Point; e) all analysis from 
unit three from the Kingscote composite; f) analyses of zircon grains with ages <1500 Ma from unit three from the Kingscote 
composite; g) all analyses from unit four at Cape Jervis; h) analyses of zircon grains with ages <1500 Ma from unit four at 
Cape Jervis; i) all analyses of unit five at Cape Jervis; j) analyses of zircon grains with ages <1500 Ma from unit five at Cape 
Jervis; k) all analyses of unit five at Waterloo Bay; l) analyses of zircons with ages <1500 Ma from unit five at Waterloo Bay. 




Figure 4:7 Age probability density plot for concordant and near concordant detrital zircons of the Cape Jervis Formation 
from a) unit two at the Cape Jervis section; b) unit three at the Kings Point section; c) unit three at the Kingscote composite 
section; d) unit four at the Cape Jervis section; e) unit five at the Cape Jervis section and f) unit five from the Waterloo Bay 




Combining of Cape Jervis Formation age data 
Combing zircon age data from various samples allows the provenance of the unit and formation 
across the basin to be assessed instead of provenance at one isolated section. This is important as 
the glacial conditions can be variable across the basin simultaneously. The combining of the units 
with multiple samples was done here after considering the lithological and stratigraphic correlation 
as discussed in Chapter 2, and the shape of the individual provenance spectra.  
The individual provenance sprectra of all units have a strong mode between ca 550-650 Ma, the 
proportion of concordant analyses within this age range was assessed. A similar proportion of grains 
and common stratigraphic features were used as justification for combining samples. This reasoning 
was also used to justify the combination of the analyses from units two, three and four. The 
provenance spectra for units two, three and four are remarkably similar with a main peak at ca 590 
Ma and lesser Mesoproterozoic and Palaeoproterozoic modes (Figures 4:6a to d). The proportion of 
zircon grains within the 550-650 Ma age range is 45 to 50% in all of the units two to four samples. 
Combining the spectra allows assessment of the provenance of the sedimentary rocks during glacial 
activity, which in turn can be used to infer ice motion directions. 
The combined of data for units two to four gives 112 analyses within 10% concordance. The U-Pb 
isotopic ages of the concordant analyses range from ca 3460 Ma to 526 Ma (Figure 4:8c). The 
strongest mode is ca 500 to 665 Ma (n = 68). Lesser modes occur within age ranges of ca 690 to 900 
Ma (n = 10), ca 940 to 1255 Ma (n = 18), ca 1515 to 1540 Ma (n = 3), ca 2000 to 2290 Ma (n = 9), ca 
2430 to 2765 Ma (n = 7) and ca 3230 to 3460 Ma (n = 4; Figure 4:8c). 
Conversely, unit five of the Cape Jervis Formation was deposited in a glaciomarine setting where the 
influence from the retreating ice mass was not significant. The two samples from this unit were 
combined to assess the sediment provenance across the basins. The combined of data for unit five 
gives 129 analyses within 10% concordance. The U-Pb isotopic ages of the concordant analyses range 
from ca 3260 Ma to 370 Ma (Figure 4:8b). The strongest mode is ca 500 to 640 Ma (n = 49), like the 
underlying units, however a lesser, younger mode with an age range of ca 370 to 475 Ma (n = 4) is 
apparent (Figures 4:6e, f). Minor age populations at ca 730 to 1293 Ma (n = 43), ca 1400 to 1940 Ma 
(n = 15), ca 2080 to 2485 Ma (n = 11), ca 2590 to 2700 Ma (n = 10) and ca 2735 to 3260 Ma are also 







Figure 4:8 a) Combined provenance spectra of units two to four of the Cape Jervis Formation; b) Combined provenance 
spectra of unit five of the Cape Jervis Formation.  
 
Figure 4:9 Representative cathodoluminescence images of zircon grains of the Boorthanna Formation. 30 µm laser spots 




4.3.2 Arckaringa Basin 
Zircon descriptions 
Zircon grains were extracted from all three samples from the Arckaringa Basin. Zircon grains from 
samples of Boorthanna Formation collected at Box Creek and Mount Dutton range from ~100 to ~250 
µm size. The grains are typically elongate and show a rounded shape however, most grains are broken 
fragments (Figure 4:9). Most grains preserve zoning, including complex growth zoning, sector zoning 
and faint, broad zoning (Figure 4:9, Table 4:1). There is some evidence of metamorphic 
recrystalisation and new growth as some grains preserve cores with outer concentric zones (Figure 
4:9, Table 4:1; Corfu et al. 2003). Most of the zircon grains extracted from the sample of Mount 
Toondina Formation collected at Mount Toodina were <40 µm in diameter, and therefore too small 
for use in LA-IC-PMS U-Pb isotopic analysis.  
Zircon U-Pb geochronology 
Mount Dutton section 
One hundred and two zircon grains were analysed from the Mount Dutton section, of those 57 zircon 
grains were within ± 10% concordance (Figures 4:10a, b). The U-Pb isotopic ages of the concordant 
analyses range from ca 3180 and 490 Ma (Figure 4:11a). The strongest mode is from ca 1705 to 1950 
Ma (n = 23). Lesser modes occur at ca 490 to 685 Ma (n = 11), ca 805 to 1020 Ma (n = 5), ca 1050 to 
1280 Ma (n = 9), ca 1460 to 1610 Ma (n = 4) and ca 2220 to 3310 Ma (n = 5; Figure 4:11a). 
Box Creek section 
Of the 111 zircon grains analysed, 39 grains yielded analysis within 10% concordance (Figures 4:10c, 
d). These grains range in age from ca 3380 to 465 Ma (Figure 4:11b). The U-Pb isotopic ages of the 
concordant analyses range from ca 460 to 660 Ma (n = 14). Lesser modes occur at ca 930 to 1195 Ma 
(n = 12), ca 1435 to 1870 Ma (n = 8) and ca 2425 to 3380 Ma (n = 5; Figure 4:11b). 
Combining of Boorthanna Formation age data 
The sandstone samples of Boorthanna Formation from the Mount Dutton and Box Creek sections are 
recognised as being the similar lithology, as having been deposited within a similar glacial 
environment and as being stratigraphically equivalent (Chapter 3; Alley et al. 1995). Based on these 
correlations, the age spectra of the two samples were combined to assess the regional provenance 
of the Boorthanna Formation within the Boorthanna Trough.  
The combined age spectra are shown in Figure 4:10c, and includes 96 concordant and near-
concordant analyses. The U-Pb isotopic ages of the concordant analyses range from ca 3310 to 495 
Ma (Figure 4:11c). The strongest modes occur at ca 1700 to 1945 Ma (n = 29) and lesser modes occur 












Figure 4:10 Concordia plot of all zircon grain analyses from the Boorthanna Formation a) all analyses from Mount Dutton; 
b) analyses of zircon grains with ages <2000 Ma from Mount Dutton; c) all analyses from Box Creek; d) analyses of zircon 







Figure 4:11 Age probability density plot for concordant and near concordant detrital zircons of the Boorthanna Formation 
from a) the Mount Dutton section; b) the Box section; c) Combined provenance spectra of the Boorthanna Formation. Blue 





The U-Pb isotopic dating of detrital zircon grains from the late Palaeozoic glacigene sedimentary rocks 
of the Troubridge and Arckaringa Basins can be used to assess sediment source region(s) and 
potentially infer glacial movement directions (Haines et al. 2011). Limitations of provenance analysis 
such as the representation of source regions in the sample population, the recognition of geological 
events capable of forming or altering significant numbers of zircon grains and the availability of age 
data within potential source regions need to be recognised. Without this recognition, the resulting 
provenance assessment may be an incorrect assessment of the sediment source region and 
consequently the interpreted glacial movement direction. Where possible, other observations also 
need to be used in conjunction with the detrital zircon age populations to assess the ice movement 
and fluvial flow directions and hence potential source regions. Indicators such as striae on glacial 
pavements and the distribution of erratics give direct indications of the ice movement direction 
(David and Howchin 1897, Milnes and Bourman 1972, Alley and Bourman 1984, Bourman and Alley 
1988, Bourman and Alley 1990, Bourman and Alley 1999. Palaeocurrent indicators such as cross-beds 
or ripple marks can be used to assess the direction of deposition. Unfortunately, sedimentary 
structures are poorly preserved in the late Palaeozoic sedimentary rocks and cannot be used. The 
location of the sample in relation to the source region also requires consideration. An ice mass has 
the potential to transport sedimentary rocks large distances, at times a continental icesheet can move 
thousands of kilometres from its origin (Ashley et al. 1985, Bennett and Glasser 2009) and transport 
debris trapped in the ice. Conversely, the debris transport distances in fluvioglacial and meltwater 
streams are a relatively short as it is controlled by factors such as topography and sediment load 
(Bennett and Glasser 2009). Glacially influenced streams are often terminated by moraine deposits 
or uplifted strata causing damming and are therefore limited to transport distances of several 
kilometres (Bennett and Glasser 2009). Lastly, palaeogeography will dictate which potential source 
regions were proximal to the sedimentation depocentre. 
Assessment of any given terrane as a potential source of sedimentary rocks in a region may be done 
using expected age histograms constructed from zircon age data and that show zircon forming or 
altering events that occurred within the potential source terrane (e.g. Pell et al. 1997, Maidment et 
al. 2007). Expected age histograms have been constructed based on the process outlined by Pell et 
al. (1997) from published age data for each of the terranes (e.g. Ireland et al. 1998, Camacho et al. 
2002, Neumann and Fraser 2007, Maidment et al. 2007, Paulsen et al. 2007, Wade et al. 2008) and 
these are shown in Figure 4:12 along with the histograms of the Cape Jervis Formation and 
Boorthanna Formation. 
Next page: Figure 4:12 Expected age histograms for potential source regions of glacigene sedimentary rocks in the 
Troubridge and Arckaringa basins. a) Gawler Craton adapted from Neumann and Fraser (2007) and Fanning et al. (2007); b) 
Arunta Region data from Maidment et al. (2007) and Camacho et al. (2002); diagram adapted after Pell et al. (1997); c) 
Musgrave Province data from Maidment et al. (2007), Camacho et al. (2002) and Wade et al. (2008); diagram adapted after 
Pell et al. (1997); d) Transantarctic Mountains of Antarctica adapted from Paulsen et al. (2013); e) Adelaide Rift Complex, 
light blue histogram is the expected age histogram of the Neoproterozoic sedimentary rocks of the ARC, dark blue histogram 
is the expected age histogram of the Cambrian sedimentary rocks of the Adelaide Rift Complex data from Ireland et al. 
(1998); diagram adapted after Pell et al. (1997); f) U-Pb age probability plot for units two to four of the Cape Jervis 
Formation; g) U-Pb age probability plot for unit five of the Cape Jervis Formation; h) U-Pb age probability plot for the 
Boorthanna Formation. Troubridge Basin sedimentary rocks are in red, Arckaringa Basin sedimentary rocks are in green, 
grey bars highlight age ranges of interest: 1: ca 470 to 700 Ma; 2: ca 900 to 1300 Ma; and 3: ca 1650 to 2000 Ma. Black, dark 
and light blue histograms of source regions for comparisons to the red and green histograms of the Troubridge and 









4.4.1 Comparisons between of provenance spectra  
There are some similarities between the provenance spectra of the Cape Jervis Formation and 
Boorthanna Formation (Figures 4:12f to h). Both units have a significant age population of ca 490 to 
700 Ma. The most significant difference is the increased Mesoproterozoic (i.e. ca 900 to 1300 Ma) 
and Palaeoproterozoic (ca 1650 to 2000 Ma) occurrence in the Boorthanna Formation sedimentary 
rocks (Figure 4:12h) compared to the Cape Jervis Formation (Figures 4:12f, g). Units two to four of 
the Cape Jervis Formation have a minimal component of the Palaeoproterozoic ages grains, while 
unit five has a slight increase. Unit five also has a small proportion of sedimentary rocks 
Mesoproterozoic aged sedimentary rocks that are not present in units two to four (Figures 4:12f to 
h).  
The detrital zircon age spectra for units two to four and unit five of the Cape Jervis Formation show 
some variation (Figures 4:12f, g), particularly away from the dominant age population. This difference 
can likely be attributed to the different depositional settings from the glacially influenced deposition 
of units two to four to the marine dominated depositional setting of unit five (e.g. Alley and Bourman 
1984, 1995, Bourman and Alley 1999) and the associated differences in sediment transport 
mechanisms. The sedimentary rocks containing zircon grains of ca 500 to 620 Ma are dominant in 
both provenance spectra of the Cape Jervis Formation. The dominant mode for both spectra is ca 590 
Ma and most grains are between ca 570 and 610 Ma (Figures 4:12f, g).  
4.4.2 Source of ca 490 to 700 Ma zircon grains  
Neoproterozoic to Cambrian (ca 490 to 700 Ma) zircon grains are dominant in the provenance 
spectrum of the Cape Jervis and Boorthanna Formation (Figure 4:12g to h). Zircon grains of this age 
range dominate both the combined unit two to four and the unit five of the Cape Jervis Formation 
spectra. This suggests that most of the zircon grains in Cape Jervis Formation was sourced from rocks 
with zircon grains between ca 490 and 700 Ma, specifically ca 570 and 640 Ma (Figures 4:12f, g). The 
Boorthanna Formation sedimentary rocks also have a significant proportion of grains aged ca 500 to 
620 Ma (Figure 4:12h). The shape and age range of the ca 490 to 700 Ma portion of the histogram of 
the Boorthanna Formation is similar to the dominant peak seen of the glacigene sedimentary rocks 
of the Troubridge Basin (Figure 4:12f to h). 
The dominance of the sedimentary rocks of this age range in the Cape Jervis Formation suggests a 
restricted source such as from a discrete metamorphic or magmatic event. The zircon grains from the 
Cape Jervis Formation are typically prismatic and preserve oscillatory zoning (Figure 4:5a, Table 4:1), 
which suggests the grains were sourced from an igneous rock within which the zircon grains grew. 
There are no known magmatic events of ca 590 Ma in the Adelaide Rift Complex. The expected age 
histogram for the Cambrian Kanmantoo Group sedimentary rocks has dominant ca 610-570 Ma 
sedimentary rocks (Figure 4:12d). As there are no known rocks of this age in the Kanmantoo Group; 
it is likely that these sedimentary rocks have been inherited from elsewhere.  
The expected histogram of the TAM also has the dominant ca 610 to 570 Ma zircon population (Figure 
4:12e). Provenance studies of sedimentary rocks of the TAM consistently show a dominant age 
population of ca 590 Ma (Veevers et al. 2006, Goodge et al. 2012, Paulsen et al. 2013). Potential 
source units in Antarctica with an age of ca 590 Ma age include the granitoids associated with the ca 
555-590 Ma magmatism of the Ross Orogen as well as granites with igneous crystallisation ages of ca 




metamorphism and deformational events reflected in ca 540-590 Ma aged zircon grains from the 
Humboldt Mountains, which is also part of the TAM.  
The sedimentary rocks of the Cape Jervis Formation were likely sourced from both the Kanmantoo 
Group and the TAM (Figure 4:2). It is likely that rocks from Antarctica are the source of the ca 570 to 
610 Ma sedimentary rocks in both the Kanmantoo Group sedimentary rocks and the Cape Jervis 
Formation. The similarity of the shape of the ca 500-650 Ma sedimentary rocks in the expected 
histograms of the Kanmantoo Group and the TAM along with the absence of known ca 590 Ma rocks 
in the ARC implies that the 500-650 Ma sedimentary rocks were likely sourced from the TAM. This is 
further supported by the positon of Antarctica to relation to South Australia during the time of the 
deposition of the Kanmantoo Group; (Figure 4:2; Alley and Bourman 1995, Foden et al. 2006).  
Distal sources of the ca 590 Ma zircon grains could be volcanic rocks within the Wonominta Block to 
the east of the ARC and Tasman Fold Belt (Figure 4:2). Crawford et al. (1997) reported the Mount 
Arrowsmith and Mount Wright Volcanics in western New South Wales have a SHRIMP U-Pb zircon 
age of ca 585 to 590 Ma. The Mount Wright Volcanics, are postulated to be geochemical correlatives 
of the ca 550 Ma Truro Volcanics in the ARC (Crawford et al. 1997). Lavas and dykes in western 
Tasmania with K-Ar dates of ca 590-600 Ma (Direen and Crawford 2003) are potential sediment 
source from the Wonominta Block and Tasman Fold Belt.  
It is difficult to ascertain whether the source of the ca 590 Ma zircon grains within the Cape Jervis 
Formation were sourced from the TAM directly or recycled through the Kanmantoo Group. This is 
due to the possibility of the zircon grain being recycled through many cycles of deposition. Most of 
the zircon grains have at least one rounded edge suggesting that the majority of zircon grains have 
undergone some recycling. There is no apparent correlation between the internal structure and the 
U-Pb isotopic age of the zircon grains. Sedimentary rocks of the ca 590 Ma age range are absent from 
the Mesoproterozoic to Paleoproterozoic ARC sedimentary rocks (Figure 4:12e) or the Gawler Craton 
(Figure 4:12a) which are the most proximal potential source regions. Given the proximity of the 
Kanmantoo Group and the TAM (Figure 4:2) to the Troubridge Basin it is likely that these were the 
sediment source. The northwards advancement of the icesheet (Alley and Bourman 1984, Bourman 
and Alley 1988, Alley et al. 1995) from Antarctica into the Troubridge Basin may have transported the 
ca 610-570 Ma sedimentary rocks into the basin. Alternatively, the ca 610-570 Ma could have been 
sourced from the Kanmantoo Group sedimentary rocks that were eroded by the advancing ice, and 
that were likely originally sourced from the TAM (Ireland et al. 1998). It is also possible that the 
sedimentary rocks were sourced from both the Kanmantoo Group and TAM. A portion of the ca 590 
Ma zircon grains may have also been sourced from the distal Wonominta Block and the Tasman Fold 
Belt.  
The presence of erratics in units two to four of the Cape Jervis Formation can also be used to constrain 
potential sediment source regions. Locally-sourced erratics include metasedimentary rocks of the 
Kanmantoo Group (and Encounter Bay Granite at the Kings Point section). The local nature of these 
erratics implies they cannot be used to provide any indication of the ice movement directions. 
Distally-sourced erratics dominantly comprise the Neoproterozoic Encounter Bay Granite (Foster 
1974, Alley and Bourman 1984, Bourman and Alley 1999), which is exposed on the southern Fleurieu 
Peninsula around Victor Harbor (Figure 4:1a; Thompson and Horwitz 1962, Gravestock et al. 1995). 




sedimentary rocks is further evidence that the sedimentary rocks were sourced from the Cambrian 
ARC (Gravestock et al. 1995).  
The ca 500 to 620 Ma zircon grains of the Boorthanna Formation (Figure 4:12h) are not the most 
dominant population, however, the presence of zircon grains of this age cannot be discounted. 
Sedimentary rocks of this age are not in any of the local potential source regions, such as the Gawler 
Craton, Arunta Region and Musgrave Province (Figure 4:12a to c) it is probable that the ca 500 to 620 
Ma aged sedimentary rocks were sourced from the ARC. The sedimentary rocks were probably carried 
north from the TAM and Kanmantoo Group by the advancing icesheet and associated ice tongues. 
Like the Cape Jervis Formation, it is not possible to determine the exact source of the ca 500 to 620 
Ma sedimentary rocks, however, it can be determined that they were sourced from the south from 
either the Kanmantoo Group or TAM. This is supported by the generally northerly ice movement 
direction and the absence of younger sedimentary rocks in the Gawler Craton expected age histogram 
(Figure 4:12a).  
4.4.3 Source of ca 900 to 1300 Ma zircon grains  
The notable difference between the provenance spectra of the Cape Jervis Formation and the 
Boorthanna Formation is the increase in sedimentary rocks older than ca 900 Ma in the latter (Figures 
4:12f to h). The younger Proterozoic population of the Boorthanna Formation (ca 900-1300 Ma) 
population is similar in shape and age range to populations seen in the ARC, TAM and Musgrave 
Province (Figures 4:12c to e). Given the proximity of the Mesoproterozoic to Paleoproterozoic ARC 
and the Musgrave Province to the Arckaringa Basin (Figure 4:2), it is probable that the sedimentary 
rocks of the Boorthanna Formation were primarily sourced from the Mesoproterozoic to 
Paleoproterozoic ARC and Musgrave Province rather than from the distal TAM. Veevers (2006) 
suggested a region of highlands was present during the Late Palaeozoic in the area that is now 
recognised as the Musgrave Province. This region of elevated topography during the late Palaeozoic 
would be susceptible to erosion and would be a potential local source of sedimentary rocks for the 
Boorthanna Formation. It is not known if debris from the Musgrave Province was transported via 
fluvial or glacial mechanisms. However, given the high latitude of Australia during the Permo-
Carboniferous glaciation and the probability that the Musgrave Province was at an increased height 
compared to the modern landscape it is likely that alpine glaciers were present. 
The older sedimentary rocks (<900 Ma) of the Boorthanna Formation were likely sourced from the 
Mesoproterozoic to Paleoproterozoic ARC and the Gawler Craton. The Peake and Denison Ranges 
which is adjacent to the Arckaringa Basin have sedimentary rocks from both the Mesoproterozoic to 
Paleoproterozoic ARC and the Gawler Craton. This interpretation is also supported by the 
observations of Heath (1963) and Ambrose et al. (1981) of erratics and clasts in the Boorthanna 
Formation that are of similar lithologies to rocks of the Peake and Denison Ranges. These sedimentary 
rocks were likely transported into the basin via montane and valley glaciers and the associated 
meltwater streams which were situated in the Gawler Craton highlands. Sedimentary rocks from 
distal source regions such as the Arunta Region and Musgrave Province were likely also transported 
via montane and valley glaciers. 
There is a less significant proportion of the ca 900 to 1300 Ma-aged zircon grains in the provenance 
spectrum of the Cape Jervis Formation (Figure 4:12f, g) when compared to that of the Boorthanna 
Formation (Figure 4:12h). This can likely be attributed to the potential source of these zircon grains. 




shape of the expected histogram of the Cambrian rocks and Mesoproterozoic to Paleoproterozoic 
rocks of the ARC (Figure 4:12e), a minor peak of the TAM histogram (Figure 4:12d) as well as the main 
component of the Musgrave Province histogram (Figure 4:12c). Given that the majority of the zircon 
grains in the Cape Jervis Formation are sourced from rocks of the the Cambrian ARC and the TAM, it 
is likely that the ca 900 to 1300 Ma zircon grains are also primarily sourced from these rocks. The 
small portion of zircon grains of this age suggest that the primary source in the ARC and TAM rocks 
was likely the Musgrave Province. These were then reworked from the metasedimentary rocks of the 
ARC and TAM into the Cape Jervis Formation as part of the debris eroded from these terranes.  
Studies of the exhumation history of the eastern Musgrave Province by Glorie et al. (2017) suggest 
that the Musgrave Province underwent at least three cooling events. Apatite fission track analysis 
infer that these cooling and exhumation events occurred during the late Neoproterozoic (ca 550 Ma), 
the Silurian to Devonian (ca 450 to 400 Ma) and the late Carboniferous (ca 310-290 Ma; Glorie et al. 
2017). These events imply that at least a portion of the Musgrave Province was exposed during the 
Permo-Carboniferous glaciation, consequently, eroded debris from the associated rocks would have 
been available for transport via fluvial and/or glacial transport mechanisms and subsequent 
deposition.  
4.4.4 Source of ca 1650 to 2000 Ma zircon grains  
The most populated age range in the Boorthanna Formation is ca 1650 to 2000 Ma. The shape of the 
provenance spectra is similar to the shape of the Proterozoic sedimentary rocks in the ARC (Figure 
4:12e). Ireland et al. (1998) and Pell et al. (1997) surmised that these were inherited from the Gawler 
Craton. Grains of this age are also a component of the TAM expected age histogram (Figure 4:12d).  
The expected histogram for the Gawler Craton (Figure 4:12a) both have populations within this age 
range. The ca 1650-2000 Ma zircon grains are recognised within the basement rocks of the Peake and 
Denison Ranges (Figure 4:1) which include rocks of the Gawler Craton and ARC. Geochronology data 
for the Peake and Denison Ranges are limited, however, the rock packages with available age data 
mostly fall within the 1700 to 1900 Ma age range. The Tidnamurkana Volcanics have U-Pb SHRIMP 
zircon ages of 1774 ± 6 and 1789 ± 10 Ma (Fanning et al. 2007) and a less precise age of 1806 ± 27 Ma 
(Neumann and Fraser 2007). Felsic volcanics of the Peake and Denison Ranges have yielded an age of 
1740 ± 6 Ma and the Wirriecurrie Granite has been dated as 1787 ± 8 Ma (Fanning et al. 2007).  
A small ca 1590 Ma mode within the Boorthanna Formation spectra (Figure 4:12h) has been 
attributed to the ca 1592 Ma Gawler Range Volcanics (Drexel et al. 1993, Giles et al. 2004) and the ca 
1575-1595 Ma Hiltaba Suite Granites (Cooper et al. 1985, Creaser and Cooper 1993). The Gawler 
Range Volcanics and Hiltaba Suite Granites are part of an extensive suite of felsic and mafic volcanics 
and intrusions that were extruded and emplaced across much of the Gawler Craton (Drexel et al. 
1993). Furthermore, granites in the Peake and Denison Ranges (Figure 4:1b) that yield an age of ca 
1590 (Fanning et al. 2007, Neumann and Fraser 2007), and may also account for the small ca 1590 
Ma zircon age population recognised in the Boorthanna Formation. 
Recent apatite fission track studies suggest that exhumation of the Peake and Denison Ranges 
occurred from ca 470 to 440 Ma and ca 320 to 280 Ma (Hall et al. 2016). The second exhumation 
event during Carboniferous to Early Permian (ca 320 to 280 Ma) brought the Peake and Denison 




were exposed during deposition of the Boorthanna Formation. Debris was likely eroded and 
transported into the Boorthanna Trough via valley glaciers and fluvial mechanisms.  
Grains of this age are also present in the expected age histogram of the Arunta Region (Figure 4:12b), 
potential source rocks within the Arunta Region include the ca 1790-1810 Ma rocks of the Strangway 
Metamorphic Complex (Scrimgeour 2013). Although the Arunta Region is a potential sediment source 
for the Boorthanna Formation it is more probable that the sedimentary rocks were sourced from the 
proximal Gawler Craton and ARC. If a component of the ca 1650-2000 Ma sedimentary rocks were 
sourced from the TAM it is likely that the sedimentary rocks were transported into the basin via the 
advancing icesheet. The sedimentary rocks were likely eroded either directly from Antarctica 
(Mikhalsky et al. 1997, Goodge et al. 2012, Paulsen et al. 2013) or from the Kanmantoo Group 
sedimentary rocks (Ireland et al. 1998). Given the distal location of the TAM and the extensive 
distance the sediment would have to travel it is likely that only a small proportion of the sediment 
was sourced from the TAM.  
Alley and Bourman (1995) suggested that the Boorthanna Formation sedimentary rocks were sourced 
from the Gawler Craton and deposited as a result of the northward advance of the icesheet as 
inferred by Alley and Bourman (1984). This northward advance would have transported a large 
proportion sedimentary rocks from the Gawler Craton as well as a smaller component from the 
Kanmantoo Group and TAM into the Arckaringa Basin. The presence of montane glaciers in the 
highlands of the Arunta Region and Musgrave Province may have provided some sedimentary rocks 
into the Arckaringa Basin. The most proximal source to the eastern margins of the Arckaringa Basin 
and the sample locations are the Gawler Craton and the Mesoproterozoic to Paleoproterozoic ARC 
(Figure 4:2).  
This age range is less significant in the detrital zircon provenance spectra of the Cape Jervis Formation 
(Figure 4:12f, g). This is likely due to the majority of detritus in the Cape Jervis Formation being 
sourced from the Kanmantoo Group and TAM (Figure 4:12d, e). This is demonstrated by the greater 
proportion of ca 490 to 700 Ma zircon grains in the provenance spectrum of the Cape Jervis Formation 
(Figure 4:12f, g).  
4.5 Conclusions 
The most likely sediment source for the Cape Jervis Formation in the Troubridge Basin is the Cambrian 
Kanmantoo Group and TAM. The expected histograms of the Kanmantoo Group and TAM are similar 
in shape and age range to the Cape Jervis Formation. The Kanmantoo Group is the closest potential 
sediment source to the basin therefore it is reasonable to expect that the majority of sedimentary 
rocks are derived from the most local source. This is consistent throughout the units of the Cape Jervis 
Formation. As South Australia was connected to Antarctica during the late Palaeozoic it is possible 
that the TAM was a local potential sediment source. A small portion of sedimentary rocks may also 
have been sourced from the Proterozoic sedimentary rocks of the ARC.  
The most likely sediment sources for the Boorthanna Formation in the Boorthanna Trough of the 
Arckaringa Basin are the Gawler Craton, Mesoproterozoic to Paleoproterozoic portion of the ARC and 
the Musgrave Province. The detrital provenance spectrum of the Boorthanna Formation is similar in 
shape to the expected histograms of the Mesoproterozoic to Paleoproterozoic portion of ARC and 
Musgrave Province. It is likely that the majority of the sedimentary rocks were sourced from the 




regions to the Boorthanna Trough. The Musgrave Province and Kanmantoo Group of the ARC are 
distal sources, however, is still a viable sediment source for the Arckaringa Basin. Other potential 
distal sources for the Boorthanna Formation include the Arunta Region and TAM.  
These outcomes show that despite the capacity for a glacier to move debris long distances, the 
majority of glacigene sedimentary rocks are sourced from local terranes. The abrasive action from an 
advancing or regressing ice mass and from the meltwater streams erodes and reworks the local 
sedimentary rocks in to the glacigene sedimentary rocks. The local source regions provide the 
majority of sedimentary rocks to the late Palaeozoic glacigene sedimentary rocks this suggests that 
the glacier erodes and deposits debris within a short distance and only traps and transports a small 
proportion of the material. This results in small populations of probably distally-sourced sedimentary 





Chapter 5: Geochemistry of late Palaeozoic 
glacigene sedimentary rocks of the Troubridge 






This chapter documents the results of whole rock geochemical analysis, carried out on all samples 
collected from the Troubridge Basin and Arckaringa Basin. Samples analysed were collected during 
sampling of measured sections detailed in Chapters 2 and 3. Sample preparation and whole rock XRF 
and ICP-MS geochemical analysis was performed by ACME Laboratories, Canada. Statistical analysis 
and comparative geochemical plots were created by the author using the geochemical software 
package IoGAS. The lithological constraints of the whole rock geochemistry and associated process 
signals are presented here as a series of Harker plots. An examination into the geochemical background 
and implications using glacigene sediments as a geochemical exploration media is also presented in 








Major element ratios in the geochemistry of the late Palaeozoic glacigene sedimentary rocks of the 
Troubridge and Arckaringa basins differentiate a number of geochemical signals suggesting 
depositional and weathering processes largely control the geochemistry. The depositional processes 
of the glacigene sedimentary rocks are distinguishable via Al2O3:SiO2 ratios. Sedimentary rocks 
deposited in a high energy fluvial setting have high concentrations of SiO2 and are dominated by quartz 
grains with few other minerals present. Subsequently, these sedimentary rocks have low trace and 
rare earth element concentrations. Sedimentary rocks deposited in low energy lacustrine 
environments are clay rich and therefore have high Al2O3 contents. The high clay content is also 
reflected in the high K2O, trace and rare earth element concentrations. The intense weathering of the 
sedimentary rocks includes sulphate, carbonate, ferruginous and clay weathering. These can be 
identified using ratios of Al2O3, Fe2O3, K2O, CaO and MgO. Sedimentary rocks that have geochemical 
signatures that are not controlled by depositional or weathering processes are typically moderately 
oxidised or minimally weathered. The geochemistry of these sedimentary rocks is reflective of their 
source rocks. The likely source rocks for the Palaeozoic glacigene sedimentary rocks include the 
Kanmantoo Group metasedimentary rocks. If the background geochemical signals related to 
provenance, depositional processes and weathering processes can be recognised and accounted for 
(for example by using simple normalisations) there is a better chance of isolating geochemical signals 
related to local enrichment of commodity elements that may be relevant to mineral exploration. 
5.1 Introduction 
Glacigene sedimentary rocks are common in the geologic record and cover large areas of potentially 
mineralised basement rocks, particularly at high latitudes in the northern hemisphere (e.g. Canada and 
Scandinavia) that were glaciated during the Neogene (Shilts 1993). The glacial sedimentary rocks 
present a challenge for mineral exploration, being both a potential hindrance (introducing a physical 
and chemical barrier of far-travelled material that may have little genetic relationship to the underlying 
basement) and a potential opportunity (as a regolith sample medium the provenance of which could 
be traced upstream of the glacial movement direction towards possible source rocks). Mineral 
exploration using glacigene sedimentary rocks has become more popular in the last 50 years and has 
paralleled a growing understanding of glacial transport mechanisms (McClenaghan and DiLabio 1993, 
Shilts 1993, McClenaghan et al. 2000, Forbes et al. 2015) and geochemistry as a tool for vectoring 
towards potential mineralisation (DiLabio and Coker 1987, McMartin and McClenaghan 2001, Sarala 
et al. 2009). 
The utilisation of glacigene sedimentary rocks as a sample medium is not only applicable to 
sedimentary rocks of recent glaciations such as those in Canada but it is also relevant to ancient 
glacigene sedimentary rocks. Much of South Australia is covered with ancient glacigene sedimentary 
rocks, such as those preserved in the late Palaeozoic Arckaringa and Troubridge basins (Figure 5:1). 
Late Palaeozoic glacigene sedimentary rocks bury a large portion of the Gawler Craton, Adelaide Rift 
Complex and the overlying Kanmantoo Group, which host important mineral provinces such as the 
Olympic Province IOCG±U domain of the eastern Gawler Craton and the Kanmantoo Trough (Figure 




those in South Australia, the glacigene sedimentary rocks may have been subjected to a range of post-
depositional near-surface processes (e.g. weathering, induration) with the potential to enhance or 
detract from their use as geochemical exploration sample media (Plumlee 1999, Taylor and Eggleton 
2001, Anand 2005, McQueen 2006, Scott and Pain 2008).  
 
 
Figure 5:1 Approximate limits of the late Palaeozoic basins in South Australia showing the Troubridge (red outline) and 
Arckaringa (green outline) basins. Other key Proterozoic provinces and mineralised domains are also shown as well as key 
mineral deposits. Adapted from Alley and Bourman (1995). 
The use of glacigene sedimentary rocks as sampling media for mineral exploration requires a detailed 
understanding of their background geochemistry. The lithological and mineralogical controls on the 
geochemistry as well as the processes affecting the geochemistry, which may or may not be related to 
the presence of mineralisation, must be completely understood. The most important controls on the 




depositional processes, in particular mineralogical sorting on the basis of grain size or density, and 3) 
post-depositional processes such as chemical weathering and induration. Ferruginous or calcareous 
induration during weathering is a common process in southern Australia and has the potential to 
dramatically alter the geochemistry of surface samples. Such indurated regolith materials have been 
favoured sample media for mineral exploration (Butt et al. 1997, Anand 2005) due to the potential for 
the weathering processes to enhance the exploration geochemical signal (for example by preferentially 
scavenging pathfinder elements from groundwater). From understanding the controls on the 
geochemistry, the concentration range that is background for the sedimentary rocks and therefore 
geochemically enriched samples can be determined.  
This chapter presents geochemical analyses of sedimentary rocks from the late Palaeozoic Troubridge 
and Arckaringa basins. The lithogeochemistry of the sedimentary rocks is used to provide constraints 
on the weathering and depositional processes as well as remnant provenance signals. The 
geochemistry of the remnant provenance signals are then used to assess the possibility of the 
metasedimentary rocks of the Kanmantoo Group being the dominant source rocks of the glacigene 
sedimentary rocks. From the understanding of the processes controlling the geochemistry of the 
glacigene rocks the geochemical background of the glacigene rocks can be defined. The geochemical 
background of the glacigene sedimentary rocks is then used to provide a basis for the recognition of 
anomalies as an example of how glacigene rocks can be used as a sampling medium in future 
geochemical exploration programs.  
5.2 Methods 
5.2.1 Sampling 
One hundred and eighty one surface samples of late Palaeozoic glacigene sedimentary rocks were 
collected; 144 from the Troubridge Basin and 37 from the Arckaringa Basin. The sample sites include 
eight key stratigraphic sections at which numerous samples were taken and 71 sites each represented 
by a single sample (Figure 5:2).  
All samples from the Troubridge Basin were taken from the Cape Jervis Formation; 69 were taken from 
the measured sections (described in Chapter 2) and 75 were collected from surface exposures across 
the basin (Figure 5:2a). The regional surface samples were collected in order to assess lateral variations 
in geochemistry and to mimic an opportunistic exploration geochemical survey utilising glacigene 
sedimentary rocks from a restricted stratigraphic interval as sample media. Of the regional surface 
samples, 57 were collected from the Fleurieu Peninsula, eight from Kangaroo Island and ten from the 
Yorke Peninsula. Sample locations were selected based on 250k mapped exposures of the Cape Jervis 
Formation (Crawford 1960, Thompson and Horwitz 1962, Fairclough 2007, Belperio et al. 2009, Zang 
and Crawford 2009) and invariably were taken where the glacigene rocks are exposed along roadsides 
and in road cuttings. Where possible the samples were collected 0.5 to 1 km apart. These exposures 
were rarely more than one metre high and often oxidised and indurated.  
Of the Arckaringa Basin samples, 12 were collected from measured sections of the Boorthanna 
Formation at Box Creek and Mount Dutton (Figure 5:2b) and 26 samples were taken from the Mount 
Toondina Formation at the Mount Toondina type section (Figure 5:2b). Due to limited surface 




descriptions of the location, stratigraphy and sedimentology of the key sections refer to Chapters 2 and 
3. 
 
Figure 5:2 a) Sample locations within the Troubridge Basin. Distribution of late Palaeozoic exposures adapted from Belperio 
et al. (2009), Fairclough (2007), Thompson and Horwitz (1962) and Zang (2003). Key measured sections are also shown; b) 
Sample locations within the Arckaringa Basin, showing the late Palaeozoic exposures adapted from Hibburt (1995), Rogers et 





Surface samples were used as the aim of this study was to emulate a mineral exploration project. In an 
exploration project often only the material on the surface is available for sampling especially in scoping 
studies. These samples are assessed to identify the less altered using geochemistry to compare for 
weathering, depositional and provenance signals. Drill hole samples are the optimal sampling medium, 
however, in both the Troubridge and Arckaringa basins, drill core would not have been adequate for 
this study as drill holes were sparsely distributed and stored only as 3-5 m chip composites and do not 
allow systematic sampling across the basins.  
The sampling procedure involved removing approximately 0.5 kg of material from the exposed surface 
using a geological pick. The samples are of varied lithology including sand, clay, silt and diamictite all 
with varying degrees of weathering and induration (see section 5.3.1). Descriptions of key sections 
(Chapters 2 and 3) were used to target dominant lithologies. This diversity reflects the opportunistic 
nature of sampling. Samples taken from diamictites were carefully chosen to exclude clasts greater 
than five millimetres in diameter so as to reduce the potential for individual source rocks to influence 
the geochemistry. As such, the analysis of diamictite samples was of matrix with minimal clasts. 
Throughout this chapter the term matrix is used for any material smaller than 5 millimetres, which 
includes and cement which may have been introduced to the material during weathering processes 
such as Fe-oxide or clay minerals.  
In all other respects care was taken to collect samples that were representative of exposed material at 
the sample site and free of overlying materials or other contaminants. Contamination risk from the 
sampling procedure was minimised by removing personal jewellery, hands were kept clear of sunscreen 
and sedimentary rocks from previous samples by washing and drying them before the collection of 
each sample. Samples were placed into a clean, plastic, snap-lock bag, labelled and transported to the 
University of Adelaide. 
5.2.2 Geochemical analysis 
A subsample weighing approximately 200 g was taken from each field sample and a duplicate sub-
sample of equivalent mass was taken from every twenty fifth sample (giving a total of seven duplicate 
sub-samples). All sub-samples were sent to ACME Laboratories in Vancouver, Canada for crushing, 
preparation and geochemical analysis. Acme laboratories sample preparation includes crushing the 
sample until 80% of sample passes through a 2000 µm mesh, the crushed sample is then further 
pulverised until 85% of sample passes through a 75 µm mesh. This smaller fraction is then used in all 
analysis.  
Geochemical data for 59 elements were collected using whole rock XRF (ACME code 4X) and Total Trace 
Element by ICP-MS analysis (ACME code 4B). Whole rock XRF analyses were conducted on fused disks 
in which 12 g of analytical pulp was fused utilising a lithium borate flux. Trace, refractory and rare earth 
elements were analysed by ICP-MS. Trace element analyses were conducted on 0.5 g of analytical pulp 
digested in an Aqua Regia, whereas refractory and rare earth element ICP-MS analyses were conducted 
on 0.2 g of analytical pulp, following lithium borate fusion and digestion in nitric acid. 
Quality assurance and quality control (QA/QC) 
In addition to the seven duplicate sub-samples, four samples of certified reference material from 
OREAS 22p and 42p (Ore Research and Exploration Pty Ltd) were intercalated with the field sub-




preparation and analysis. Analysis of these reference materials, sample duplicates as well as laboratory 
duplicates and standards provide a measure of QA/QC of the dataset. 
5.2.3 Data treatment 
The geochemical data were loaded into the IoGAS software package in order to conduct simple 
statistical analyses and generate comparative geochemical plots including bivariate, ternary and multi-
element “spidergrams”. Elements where the majority of samples were analysed to be at or below 
detection limit (including Cr2O3, Ba, Ag, Be, Bi, Cd, Hg, Se, Sn and Tl) were not included in any further 
data treatment. Where individual samples have concentrations at or below detection limit, the sample 
was assigned a concentration of half the detection limit of the given element. 
Samples from the Troubridge and Arckaringa basins are lateral and temporal equivalents (Chapter 3), 
also have similar zircon populations (although, there are relatively more older grains within the 
Boorthanna Formation of the Arckaringa Basin; Chapter 4) and have near identical population statistics 
for many key elements (Figure 5:3). The differences in the provenance spectrums of the Cape Jervis 
Formation and Boorthanna Formation (Figure 4:12f to g) are based on the quantity of zircons within 
the samples rather than differences in age groupings. The provenance spectrums of both formations 
have zircon grains within the age ranges ca 470 to 700 Ma, ca 900 to 1300 Ma and ca 1650 to 2000 Ma, 
the shapes of these age ranges are also similar. The provenance studies also indicate that both 
formations have been sourced, at least in part from the Kanmantoo Group and the Transantarctic 
Mountains of Antarctica (Chapter 4). 
Given these similarities of the Troubridge and Arckaringa basins data from both basins have been 
combined into a single dataset to assess the geochemical signatures of late Palaeozoic glacial 





Figure 5:3 Turkey Plots showing the similarity in concentration in key elements between the samples of the Troubridge (red) 
and Arckaringa (green) basins. Black dots are the mean of logged values, black central bar is 50% of the values between Q1 
and Q3, open circles are outliers further than 1.5 from Q3-Q1 and open triangles are far outliers further than 3x from Q3-Q1.  
5.2.4 Comparative whole rock geochemistry 
All of the geochemical plots presented in this study include the geochemical range of previously 
analysed samples from the Kanmantoo Group and Encounter Bay Granite (Foden et al. 2002, Haines et 
al. 2009, De Pretis 2011) which are likely source rocks of the Late Palaeozoic glacigene sedimentary 
rocks, as well as Post Archaean Average Shale (PAAS; McLennan 1989) which is a useful geochemical 
reference for generic sedimentary source material. A majority of the clasts in diamictite rocks of the 
Troubridge Basin resemble Kanmantoo Group metasedimentary rocks with a minor component of 
coarse-grained granite which has been correlated with the Encounter Bay Granite (Chapter 2; Alley and 
Bourman 1984). Zircon grains from the Troubridge Basin have a provenance spectrum which closely 
resembles the Cambrian Kanmantoo Group metasedimentary rocks (Chapter 4, Ireland et al. 1998). 
The clast population of Arckaringa Basin diamictites are dominated by low grade metasedimentary 
rocks (shales and sandstones) with minor metamorphic rocks consistent with derivation from proximal 
Neoproterozoic Adelaide Rift Complex and underlying Palaeoproterozoic Gawler Craton (Chapter 3, 
Ambrose et al. 1981). Zircon grains from the Boorthanna Formation of the Arckaringa Basin have a 
detrital zircon provenance spectrum consistent with proximal rocks of the Gawler Craton and Adelaide 
Rift Complex as well as a lesser Cambrian Kanmantoo Group component likely sourced distally (Chapter 
4, Ireland et al. 1998). 
The Kanmantoo Group geochemistry reported here is taken from Haines et al. (2009) and De Pretis 
(2011) in addition to three samples collected from the base of the Hallett Cove, Kings Point and Cape 
Jervis type sections presented in Chapter 2 (Figure 5:2, the individual sample results from this study 











Figure 5:4 Examples of lithology and alteration classifications. a) Sand with oxidation alteration expressed as yellow Fe-oxide 
mineral staining: Inman Valley; b) Sand with ferruginous alteration: Kingscote composite measured section; c) sand with 
carbonate alteration, buff patches are calcium carbonate mineral dominated: central Yorke Peninsula; d) sand with carbonate 
alteration: Boorthanna Formation from the Box Creek section; e) silt with oxidation alteration (Fe-oxide surface/mottles): 
Hindmarsh Valley; f) clay with minimal alteration: Inman Valley; g) clay with minimal alteration: central Yorke Peninsula; h) 
clay with carbonate alteration: Mount Compass; i) sandy clay with oxidation alteration (Fe-oxide mottles): Waterloo Bay, 
Yorke Peninsula; i) sandy diamictite with oxidation alteration (Fe-oxide staining): Cape Jervis; k) clay diamictite with minimal 
alteration: Yankalilla; l) carbonaceous (grey beds interbedded with siltstone beds) with sulphate alteration: Mount Toondina 
Formation from the Mount Toondina type section; m) carbonaceous with sulphate alteration, : Mount Toondina Formation 
from the Mount Toondina type section; n) gypsum crust formed as part of the sulphate alteration process on the surface of 
the Mount Toondina type section. All samples were collected opportunistically and from the Cape Jervis Formation unless 






5.3.2 Major element geochemistry 
The glacigene samples fall into a number of groups on standard major elemental plots based on the 
concentrations of SiO2, Al2O3, Fe2O3, MgO, CaO, Na2O and K2O.  
On the SiO2 vs Al2O3 plot, 65% of the samples occupy an array which lies within 4% SiO2 of a line which 
projects to an SiO2 intercept of 100%, has a slope of -2.11 and a maximum Al2O3 composition of 22% 
(Figure 5:5). Sand, sandy clay and diamictite sand samples of the minimal and oxidised weathering 
groups cluster toward the SiO2-rich end of this array. Whereas silt, clay and diamictite clay of the 
minimal or oxidised weathering groups are drawn toward the Al2O3-rich end. The array overlaps with 
the broad field of Kanmantoo Group sedimentary rocks and the more restricted field of Encounter Bay 
granites toward the Al2O3-rich end and lies slightly below PAAS. 
The 35% of remaining samples, occupy a triangular space between the SiO2 vs Al2O3 array and the origin 
of the plot. This group includes a large proportion of the carbonaceous samples as well as samples with 
intense carbonate, ferruginous and sulphate weathering. 
 
Figure 5:5 Al2O3 versus SiO2 plot for all glacigene sedimentary rocks sampled. 
Lithology and alteration is further mapped on the Al2O3 – CaO+Na2O+K2O – FeO+MgO (A-CNK-FM) 
diagram (Figure 5:6). This plot ignores the geochemical influence of detrital quartz (SiO2) and 




Fe-oxide and clay minerals. Forty percent of samples plot within a triangle bound by 45% FM, 20% CNK 
and 72% A (Figure 5:6), which includes PAAS and most Kanmantoo Group samples. The late Palaeozoic 
glacigene samples within this space are a mix of primary lithologies and are dominated by samples 
classified as having minimal or oxidised weathering. 
A group of 28 oxidised samples, including all lithology types plot within a few percent of the A-FM axis. 
Ferruginous samples plot towards the FM apex (Figure 5:6). Samples with carbonate or sulphate 
weathering and a number of oxidised samples form a loose array between the central triangle and the 
CNK apex. A group of four sand samples consisting of two carbonate and two oxidised weathering 
samples plot close the dolomite end member (Figure 5:6). These samples contain dolomite as detected 
by spectroscopic analysis (Chapter 2 and 3). 
 
Figure 5:6 A-CNK-FM ternary showing all glacigene samples. The area bound in the thick black triangle shows where the 
majority of minimal weathered and oxidised samples plot. Small dark grey circles show the expected ratios for the mineral 
end members. 
The Al2O3 – CaO+Na2O – K2O (A-CN-K) plot is used to identify silicate and clay weathering processes in 
regolith (Nesbitt and Young 1989). The plot ignores the influence of ferruginisation but is strongly 
influenced by carbonate weathering and induration. The highest density of samples occurs within a 
triangle bound by 60% Al2O3, 12% K2O and 8% CaO+Na2O (Figure 5:7) which accounts for 80 % of all 
the samples. This group includes all primary lithologies and weathering types. Approximately one third 
of the samples, dominated by oxidised and ferruginous weathering types, trend from this triangle 
towards A-K axis and ultimately towards the A apex (Figure 5:7). This group includes a tight cluster at 




5:6. Approximately 24% of samples plot in an array from the central triangle towards the CN apex 
(Figure 5:7). This group is dominated by samples of the oxidised, sulphate and carbonate weathering 
types. The cluster of samples closest to the CN apex correspond to samples with pervasive calcite or 
gypsum induration (Figure 5:7).  
The field of Kanmantoo Group samples forms a loose array overlapping with PAAS and the highest 
density of glacigene sedimentary rocks (i.e. within the central triangle) and trending toward the mid-
point of the A-CN axis. The field of Encounter Bay Granite samples plots just below the central triangle 
within the array of glacigene sedimentary rocks that trends toward the CN apex.  
 
Figure 5:7 A-CN-K ternary showing all glacigene samples. The area bound in thick black triangle shows where the majority of 
minimal weathering and oxidised samples plot. Small dark grey circles show the expected ratios for the mineral end members. 
5.3.3 Elementary relationships 
Aluminium (Al2O3) 
Given the ability for lithogeochemical discrimination based on Al2O3 content whereby clay-dominated 
and sand (quartz)-dominated samples have low and high Al2O3 content respectively (Figure 5:5), 
relationships between Al2O3 and the trace and rare earth elements were used to assess the influence 
of mineralogy on chemistry. Ga, Rb and K2O have positive linear relationships with Al2O3 and are 
relatively enriched in clay and silt lithologies (Figures 5:8a to c) consistent with mineralogical controls 
for these elements related to the abundance of Al2O3 bearing minerals (ie clay minerals). The strong 
linear relationship between Ga and Al2O3 (Figure 5:8b) can be attributed to the common substitution 




weaker correlations with Al2O3, in both cases with a near linear upper bounding array projecting toward 
the origin and a significant proportion of the samples being ‘smeared’ below this array toward the Al2O3 
axis. The slope of the upper bounding array on the K2O vs Al2O3 plot is approximately 1:3, consistent 
with the mass ratio of K2O:Al2O3 in ideal muscovite. Samples with lower K2O:Al2O3 are likely to represent 
mixtures of sheet silicates and clays with lower proportions of potassium (e.g. illite, montmorillonite, 
smectites and kaolinite). The similarity of the K2O vs Al2O3 and Rb vs Al2O3 plots (Figure 5:8) and the 
strong correlation between K2O and Rb (Figure 5:8) is consistent with the commonly observed lattice 
substitution of Rb for K in a range of K-bearing minerals (Taylor and Eggleton 2001, Scott and Pain 
2008).  
The rare earth elements (represented by Ce and Dy in Figures 5:8d and e) also have a broad positive 
relationship with Al2O3 and are relatively enriched in the clay and silt lithologies. This trend is commonly 
observed in sedimentary rocks and is consistent with the substitution of REEs into the lattice of clay 
minerals (Taylor and Eggleton 2001, Scott and Pain 2008).  
The commodity elements, Pb, Cu, Ni and Zn have similar patterns when compared to Al2O3 (Figures 5:8f 
to i), although the pattern is somewhat obscured in the Pb vs Al2O3 plot due to a few very high Pb values 
(Figure 5:8). The patterns include three trends; 1) a low commodity element trend, hugging the Al2O3 
axis and dominated by samples that also have low K2O:Al2O3, 2) a moderate commodity element trend 
which most closely matches the field for Kanmantoo Group sedimentary rocks and PAAS, and tends to 
highest values in clay and silt rich and/or sulphate weathered lithologies and 3) a high commodity 
element trend, which for Pb, Ni and Zn is dominated by ferruginous samples but for Cu includes a range 
of protolith and weathering types. This is likely due to the varying clay mineral content in the samples. 
Samples within trend 1 are sand or ferruginous sediments with low clay mineral content; samples 
within trend 3 typically have clay and silt lithologies that are oxidised or have minimal alteration, these 
lithologies typically have high clay mineral content and therefore high Al2O3 concentrations.  
When plotted against Al2O3 the siderophile elements (Figures 5:8j and k) have a lower bounding linear 
array which projects to the origin and a scattering of higher concentration samples which are almost 
exclusively of the ferruginous weathering type. The CaO vs Al2O3 plot has a similar pattern, however, 
samples enriched in CaO above the background trend are dominated by the carbonate and sulphate 





Figure 5:8 Harker diagrams of Al2O3 vs selected elements. 
Iron (as Fe2O3) 
Ratios Fe2O3 and K2O, Ga, Rb, REEs and the commodity elements (Pb, Cu, Ni and Zn) display similar 
patterns (Figures 5:9a to i). In each case there is an approximately linear upper bounding array (for 
samples <10% Fe2O3) that overlaps with Kanmantoo Group sedimentary rocks and PAAS. Within this 
array, sand and sand-matrix diamictite samples plot near the origin and the clay, silt and clay matrix 
diamictite samples plot away from the origin. Samples with elevated Fe2O3 concentrations (up to ~50%) 
plot to the right of this array and are dominated by samples of the ferruginous weathering type. On 
the V vs Fe2O3 plot the majority of samples form a broad positive array, overlapping with the field of 




significantly more enriched in V than Kanmantoo Group (up to ~600 ppm) and another group enriched 
in Fe2O3 without coincident V enrichment. The latter two groups are dominated by samples of the 
ferruginous weathering type. CaO-rich samples (i.e. sulphate and carbonate weathered sedimentary 
rocks) have very low concentrations of Fe2O3 (typically <3%) compared to the other alteration groups 




Figure 5:9 Harker diagrams of Fe2O3 vs selected elements.  
Calcium (as CaO) 
On the plot of C vs CaO the majority of samples, including most lithology and weathering types, form 




5:10a). This array, passes close to the origin and is centred on a line with a slope of ~0.2 consistent with 
the mass ratio of C to CaO in calcium carbonate. Six samples depart from this array, all of which are 
sulphate weathered carbonaceous sedimentary rocks from the Mount Toondina section. The same 
small group of carbonaceous samples with sulphate weathering also form a linear array on the plot of 
S vs CaO (Figure 5:10b). This array passes close to the origin and is centred on a line with a slope of 
~0.6 consistent with the mass ratio of S to CaO in gypsum.  
On the plot of Sr vs CaO there are two dominant trends; a high CaO, moderate Sr trend which is 
dominated by sand-rich, carbonate weathered samples at higher concentrations of CaO, and a high Sr, 
low CaO trend which is dominated by clay-rich samples at the high Sr end (Figure 5:10d). A small 
number of samples lie between these trends, including a single carbonaceous, sulphate weathered 
sampled with a Sr concentration approaching 2000 ppm.  
 






A tight linear trend is observed between Zr and Hf (Figure 5:11a), consistent with the well-known 
mineralogical control of zircon on these two elements (Taylor and Eggleton 2001, Scott and Pain 2008). 
At zirconium concentrations <250 pm the trend overlaps with PAAS and Kanmantoo Group sedimentary 
rocks, with clay-rich samples more commonly at the high-Zr end and sand-rich samples at the low-Zr 
end. The group of samples with >250 ppm Zr a mixture of protolith and weathering types. The Al2O3 vs 
Zr plot shows a broad positive scatter whereby clay samples generally have higher Al2O3 and Zr content 
relative to sand samples (Figure 5:11b). At Zr concentrations >250 ppm, Al2O3 concentrations tend to 
decline forming an upper bounding broad linear array with a negative slope on the Al2O3 vs Zr plot. 
Plots of TiO2% and Ce vs Zr have similar patterns with a broad positive scatter projecting toward the 
origin. On plots of Al2O3, TiO2 and Ce vs Zr, Zr is relatively enriched (offset to the right) compared to 
Kanmantoo Group sedimentary rocks and PAAS. 
 





Rare Earth Elements 
The minimal weathered and oxidised samples from all field lithology types have a similar REE patterns; 
with convex LREE enrichment, a negative Eu anomaly and relatively flat HREEs (Figure 5:12). Sand, 
sandy clay and diamictite sand samples have lower ΣREE compared to the clay sedimentary rocks. 
These patterns are similar to PAAS and Kanmantoo Group sedimentary rocks, although with lower 
ΣREE. 
 
Figure 5:12 Chondrite REE normalisation of the oxidised and minimal weathering glacigene sedimentary rocks. 
5.4 Discussion 
5.4.1 Weathering signals in the geochemical data 
The A-CNK-FM and A-CN-K plots (Figures 5:6, 5:7) were presented by Nesbitt and Young (1989) as a 
way of representing bulk chemical changes due to weathering. Different types of weathering 
recognised in this study are reflected in the major element geochemistry in terms of relative 
concentration of Al2O3 and the alkalis K2O, Na2O and CaO (formation of secondary clays), CaO and MgO 
(carbonate induration), CaO and S (sulphate deposition at mound springs) and Fe2O3 (oxidisation and 
iron induration). Isocons were not used as it was difficult to source true representation of weathered 
and fresh material to be able to make a fair comparison.  
Origin of clays 
The formation of secondary clays results in samples that are displaced away from the CNK apex and 
toward the A-FM axis on the A-CNK-FM diagram (Figure 5:6) and away from the CN apex and ultimately 
toward the A-apex on the A-CN-K diagram (Figure 5:7). The group of samples displaying this pattern 




can be interpreted to be the result of the weathering of Ca, Na and K bearing silicates (e.g. feldspars 
and micas) to a variety of secondary clays (e.g. illite, montmorillonite) and ultimately to kaolinite 
(Nesbitt and Young, 1989). The specific clay mineralogy is not obvious in hand sample as the clay 
minerals are fine-grained and occupy pore spaces. For samples collected from key sections, HyLogger™ 
analysis has enabled the identification of sample mineralogy (Chapter 2 and 3). The location of this 
group midway along the A-FM axis on the A-CNK-FM diagram and projecting through the central 
triangle from the CNK axis, demonstrates conservation of Fe:Al ratios during weathering and is 
consistent with in-situ conversion of Fe in detrital silicate minerals to Fe-oxides during weathering. 
Carbonate 
The majority of calcareous sedimentary rocks identified in this study are classified as regolith 
carbonates, rather than marine carbonates, on the basis of textural and morphological evidence 
(Chapter 2, 3). No marine carbonate sedimentary rocks were observed in the glaciomarine sedimentary 
rocks of the Cape Jervis and Boorthanna formations.  
Regolith carbonates are broadly defined by Hill et al. (1998) as all carbonate materials of indeterminate 
composition and degree of induration found within the regolith. Most of the carbonate weathered 
samples analysed in this study are displaced towards the CNK apex on the A-CNK-FM diagram (Figure 
5:6) and toward the CN apex on the A-CN-K diagram (Figure 5:7). This pattern is consistent with calcite, 
CaCO3, being the dominant carbonate mineral. A smaller number of samples are displaced toward the 
midpoint of the CNK-FM axis on the A-CNK-FM diagram consistent with dolomite, CaMg(CO3)2, being 
the dominant carbonate. Hyperspectral analysis detected dolomite in these samples (Chapter 3). The 
dolomitic sedimentary rocks are not distinguishable using any of the other major element ratios such 
as Al2O3 and SiO2 (Figure 5:5) or Al2O3 and K2O (Figure 5:8). They are not distinguishable in any CaO 
elemental associations such as those shown in Figure 5:10. 
The Ca in regolith carbonates is derived from two primary sources; the weathering of bedrock and the 
aeolian and precipitational deposition of Ca, ultimately derived from marine salt (Dart et al. 2007). Dart 
et al. (2007) proposed that approximately 90% of the Ca within regolith carbonates is sourced from an 
external marine source. This source is likely from sedimentary carbonates on the continental shelf and 
calcareous aeolianites that surround much of the southern and western Australian coastline. The winds 
that continually pass over these carbonates rework and transport the material over the Australian 
content where it is deposited and forms regolith carbonates (Lintern et al. 2006, Dart et al. 2007). A 
characteristic of regolith carbonates is that they have significantly higher Sr/Ca ratios than marine 
carbonates (van der Hoek and Forbes 2013). Wolff et al. (in review) has shown that regolith carbonates 
from the York Peninsula consistently have Sr/Ca >0.001 whereas marine carbonates have Sr/Ca <0.001. 
On this basis all of the samples in this study fall within the regolith carbonate field (Figure 5:10d).  
A proportion of the oxidised weathering type (18 of 92 samples on the A-CN-K diagram; Figure 5:7) and 
a small number of the minimal weathering type (3 of 25 on the A-CN-K diagram) follow similar patterns 
to the carbonate weathered samples in all plots. Carbonate weathering has not been significant enough 
to be observed in hand specimen although calcite can be seen in thin section in the cement of 
fluviolacustrine sands as well as sands from the flow till complex and glaciomarine sands (Chapter 2). 





The linear relationship between CaO and Total S for sulphate weathered samples is consistent with 
gypsum being the dominant sulphate mineral (Figure 5:10b). These samples were collected from the 
Mount Toondina section in an area prone to flooding from a mound spring where evaporate minerals 
such as gypsum saturate the landscape (Chapter 3). The glacigene sedimentary rocks at the Mount 
Toondina location include a significant proportion of carbonaceous samples and lignites, demonstrated 
by elevated C with no particular relationship to CaO in Figure 5:10a. Lignite commonly contains 
elevated S in the form of H2S as it is a by-product of the decomposition of organic matter (Scott and 
Pain 2008). It is likely that the sulphate component of the gypsum at Mount Toondina is sourced from 
reduced S in these lignitic beds which has been oxidised to sulphate in the surficial environment (Saikia 
et al. 2014). 
Ferruginous 
Samples of the ferruginous weathering type are displaced toward the FM apex on the A-CNK-FM plot 
(Figure 5:6). This group are not differentiated from other samples in the A-CN-K plot (Figure 5:7, 5:13). 
This is because there is no Fe or Mg component on the diagram. Where the ferruginous sedimentary 
rocks plot on Figures 5:7 and 5:13 may reflect the lithogeochemistry of the original rock prior to 
ferruginous alteration provided the Fe-oxide minerals have not selectively replaced other minerals in 
the sediment.  
Ferruginisation is a post-depositional process which overprints the sediment while often retaining the 
primary lithological characteristics of the sediment (Taylor and Eggleton 2001, Scott and Pain 2008). In 
sedimentary rocks that have been ferruginised, Fe-oxide minerals typically occupy pore space, and in-
filling of the pore space preserves the primary mineralogy and texture of the sediment (Taylor and 
Eggleton 2001, Scott and Pain 2008). In sedimentary rocks that have been completely ferruginised, for 
example ferricrete, Fe-oxide minerals have overgrown the minerals of the sediment. In sandstones, the 
Fe-oxide minerals overgrows the minerals that make up the cement leaving only quartz grains and rock 
fragments. This is seen in the sandstone at Box Creek (Figure 3:6c, d) where the rock is made up of 
quartz grains and Fe-oxide mineral cement with very small amounts of kaolinite. Also observed in the 
ferruginous rocks in the Arckaringa Basin is the Fe-oxide mineral cement dissolving the quartz grains 
(Figure 3:5c). These textures can occur during diagenesis or due to weathering processes such as 
ferruginisation. Given the presence of lignite and unconsolidated material in the late Palaeozoic 
succession it is unlikely that diagenesis occurred therefore it is likely that this dissolution occurred 
during post-depostional weathering.  
Iron is introduced in to sedimentary rocks through the weathering of rocks. When primary rock-forming 
minerals are exposed to oxygen and water the minerals begin to weather. An important product of this 
weathering is the oxidation of Fe to produce Fe3+ ions (Taylor and Eggleton 2001, Scott and Pain 2008). 
These Fe3+ ions are mobile in a reducing environment (i.e. below the water table), and are transported 
in groundwater until the conditions change to an oxidising environment. The Fe3+ ions become 
immobile in an oxidising environment and are precipitated as Fe-oxide minerals such as goethite and 
hematite (Bowell 1994, Taylor and Eggleton 2001, Scott and Pain 2008). When the weathering of 
primary rock-forming minerals occurs in an oxidising environment (i.e. above the water table), Fe3+ ions 
precipitate within the weathering solution as Fe-oxide minerals such as ferrihydrite which then upon 




Environment of weathering  
Deeply weathered sedimentary rocks with ferruginisation and mineral enrichment typically form in 
humid tropical to temperate environments of moderate relief that have been tectonically stable for 
long periods (Butt et al. 1997). In these conditions the water table typically rises and falls seasonally 
allowing oxidising, acidic conditions to initiate the chemical weathering of minerals in the sedimentary 
rocks. This chemical weathering includes the progressive destruction of minerals such as mica, feldspar 
and other sheet silicates which results in the depletion of Mg, Ca, Na, K and some depletion of Si and 
the retention of Al and Si in weathering products such as kaolinite and other clay minerals. Chemical 
weathering also initiates the mobilisation of trace elements hosted in the sedimentary rocks (Scott and 
Pain 2008, Taylor and Eggleton 2001). Weathering profiles of this kind characteristically form from 
granitods and volcanic rocks (Scott and Pain 2008, Butt et al. 1997). Although, weathering profiles that 
form mafic and ultramafic rocks have ferruginous zones that are better developed (Butt et al. 1997). 
Weathering profiles that form from detrital sedimentary rocks, such as the late Palaeozoic glacigene 
rocks often contain a higher proportion of accessory minerals. These accessory minerals are often the 
remnants of weathered quartz-rich source rock. These accessory minerals are less affected by chemical 
weathering (Scott and Pain 2008). 
The weathering that occurred after the deposition of the glacigene sedimentary rocks was likely 
initiated during the Mesozoic. The climate during the Mesozoic varied from wet to dry, becoming 
warmer in the later Mesozoic (Drexel and Preiss 1995). While this climate was favourable for 
weathering and the associated ferruginisation and elemental enrichment, the sedimentary rocks that 
are being weathered are derived from rock types that are not favourable to forming Fe-oxide minerals 
and are unlikely to host an abundance of trace elements. While the Mesozoic may have potentially 
been wet and humid enough to facilitate the conditions favourable for trace element enrichment, these 
conditions were not continuous (Drexel and Preiss 1995) and the glacigene sedimentary rocks were not 
periodically saturated by oxidising acidic groundwaters. 
 
Figure 5:13 Geochemical signals and weathering types distinguished in the a) A-CNK-FM and b) A-CN-K ternary plots. 
5.4.2 Depositional process signals 
Grainsize and compositional variations with in the samples are related to depositional processes. 




within Figures 5:6 and 5:7 (marked by the black triangles) and make up the dominant, linear trend in 
Figure 5:5. Most of these samples also closely overlap with PAAS and the field of Kanmantoo Group 
sedimentary rocks. The high silica end-members in Figure 5:5 are dominated by the coarser grained 
(sandy) sedimentary rocks while fine-grained clay and silt-rich samples dominate the high Al side of the 
plot.  
The majority of the sand units, dominantly consisting of quartz, within the glacigene sedimentary 
package were deposited via medium to high energy meltwater streams during the melting of the ice 
mass (Chapters 2 and 3). Geochemically, the sand samples preserve low concentration of the major 
elements, Al2O3 and Fe2O3, as well as many of the trace and rare earth elements (Figures 5:8, 5:9). 
Elements other than Si are mostly concentrated within the sediment cement of clay, Fe-oxide or 
calcium carbonate minerals. 
Conversely, the clay and silt sedimentary rocks within the glacigene sequence were deposited in a less 
energetic setting (e.g. glacial lake) during stagnation of the ice (Chapter 2). The clay and silt samples 
are geochemically more variable and contain higher concentrations of a range of trace elements 
(including Zr, Hf, REEs and the commodity elements Pb, Zn, Ni and Cu) compared to sand-rich 
sedimentary rocks. The relative concentration of such elements in the fine fraction of the sedimentary 
rocks could be the result of: 
1) Elemental abundances controlled by sheet silicate and clay minerals (e.g. Al2O3, K2O) including 
elements that substitute or are incorporated into the lattice of sheet silicate and clay minerals 
(e.g. Rb). REEs can also substitute into the lattice of clay minerals (Taylor and Eggleton 2001, 
Scott and Pain 2008) and the positive linear relationships between Ce, Dy and Al2O3 supports 
this as the dominant control on REE abundance in the glacigene sedimentary rocks. REEs 
deported in heavy mineral phases such as oxides or phosphates would be expected to form a 
separate high REE/low Al2O3 population (as seen for Zr and Hf deported in zirconium, see 
below).  
2) Elemental abundances controlled by adsorption onto clay minerals. This is most likely the case 
for Ga and the commodity elements (Pb, Zn, Ni and Cu) which have been shown to have a 
strong affinity toward absorption onto clay minerals (Taylor and Eggleton 2001, Scott and Pain 
2008).  
3) Elemental abundances controlled by minerals that tend to be fine-grained (even though they 
may also be relatively dense). This appears to be the case for Zr and Hf which are most likely 
deported in zircon. At Zr concentrations <250 ppm, there is a tendency for Zr and Hf to be 
concentrated in fine-grained lithologies and a broad positive relationship between Zr and 
Al2O3. In contrast, the highest Zr and Hf samples (Zr >300 ppm) include a range of rock-types 
and have a broadly negative correlation with Al2O3. This implies that a high proportion of zircon 
typically resides in the fine fraction (which also includes the Al2O3-rich clays), however, heavy 
mineral sorting processes, that act to locally enrich zircon, tend to also remove the clay 
component.  
The sand matrix diamictites presented in this study typically have a geochemical signature similar to 
sand samples, whereas the clay matrix diamictites are similar to the clay and silt-rich glacigene 




the diamictites where any visible clasts (>0.5 cm) where removed before analyses. Thus, the 
geochemistry of the diamictites is representative of their matrix. A diamictite formed directly by the 
release of debris from a glacier, and without subsequent modification, might be expected to have a 
broad particle size distribution (potentially from rock powder to boulders) due to the ability of glaciers 
to transport a range of grainsizes with equal efficiency (Clark 1987). Such a rock should carry a 
geochemical signal which closely matches its source materials. However, in many cases the glacially 
deposited material might be overprinted by other depositional processes which act to modify the 
geochemical signal. For example, a diamictite deposited by a retreating glacier might be modified in a 
relatively high energy fluvial setting, whereby fine-grained materials are removed leaving a diamictite 
with a sandy matrix, or ultimately a fluvio-glacial conglomerate. The relative importance of such 
depositional processes acting on the diamictites appears to be the dominant control on SiO2, Al2O3 and 
a range of elements that broadly correlate with Al2O3 including the REEs (Figure 5:11) and the 
commodity elements (Pb, Zn, Ni and Cu). It is also important to recognise that the weathering of the 
diamictite and hence the matrix has been influenced by the same mechanisms as the other lithologies 
within the glacigene succession. As such the mineralogical influence, particularly of secondary 
minerals, on the geochemistry of the diamictites is also responsible for the similar geochemistry 
between the sand matrix dominated diamictite samples and the sand samples and between the clay 
matrix diamictite samples and the clay and silt samples. 
5.4.3 Provenance signals  
As discussed above, the Arckaringa and Troubridge basin glacigene samples of the minimal and 
oxidised weathering types are concentrated in discrete regions of the major element plots (Figures 5:5 
to 5:7). They have variable major element chemistry due to depositional processes and also form 
coherent populations defining ‘background’ trends on many of the trace element correlation diagrams. 
The Al2O3-rich component of this group of samples is most likely to be glacial rock flour which in turn 
is most likely to be representative of the mineralogy and geochemistry of the source region 
(provenance) of the glacigene rocks (Clark 1987, Glasser and Bennett 2004). 
Major element concentrations are consistent with Kanmantoo Group, Encounter Bay Granite and PAAS 
as are most of the trace elements (Figures 5:5 to 5:11). The Chondrite REE normalisation plot (Figure 
5:12) shows the same pattern for all minimally weathered and oxidised samples regardless of lithology, 
however each lithology has a differing bulk REE concentration. Clay is similar to the geochemistry of 
the average Kanmantoo Group, Encounter Bay Granite and PAAS (Figure 5:12). The remaining 
lithologies show that the minimal weathered and oxidised samples are displaced lower on the REE plot 
(Figure 5:12) resulting from dilution by quartz. This reflects the depositional processes previously 
described. These observations are consistent with the geochemistry of the average Kanmantoo Group, 
Encounter Bay Granite and PAAS, however, it cannot be used in isolation as proof of source rock as 
many upper crustal rocks have similar REE geochemical patterns.  
5.4.4 Comparison with potential Kanmantoo Group source rocks 
Here the geochemistry of the late Palaeozoic glacigene rocks of this study are compared with Post 
Archaean Australian Shale (PAAS), Kanmantoo Group metasedimentary rocks and the Encounter Bay 
Granite taken from previous publications. 
Diamictites of the Cape Jervis Formation in the Troubridge basin contain two dominant clast types; i) 




metasedimentary rocks of the Kanmantoo Group which are exposed on the Fleurieu Peninsula and 
Kangaroo Island, ii) granitic rocks of similar composition and texture to the Encounter Bay Granite, 
exposed near Victor Harbour on the Fleurieu Peninsula (Chapter 4, Foden et al. 2002, Haines et al. 
2009, De Pretis 2011). Detrital zircon spectra from the Cape Jervis Formation support the interpretation 
that Kanmantoo Group metasedimentary rocks and to a lesser extent the Encounter Bay Granites are 
likely source rocks (Chapter 4). In a glacial environment where the movement of ice is responsible for 
grinding and transportation of rocks, it can be expected that heavy minerals such as zircon would 
remain in the rock flour and be deposited in glacial sedimentary rocks with population distributions 
that are representative of the source rock. 
The source of the glacigene sedimentary rocks of the Arckaringa Basin is likely to be more diverse than 
the Cape Jervis Formation and thus more difficult to characterise geochemically. Clasts within 
diamictite rocks of the Boorthanna Formation include sedimentary and metasedimentary rocks, 
granites and gneisses likely to be sourced from the Neoproterozoic Adelaide Rift Complex and 
underlying Meso- and Palaeoproterozoic basement exposed in the Peake and Denison Inlier (Chapter 
4). This diversity of potential source rocks is supported by detrital zircon spectra that include a broader 
and older spread of ages than those from the Cape Jervis Formation (Chapter 4). Given the varied 
stratigraphy and basement geology of the Peake and Denison Ranges (Ambrose et al., 1981) it is difficult 
to independently ascertain their average geochemistry. The PAAS has instead been included as a useful 
geochemical representative of average Australian Proterozoic rocks.  
The Kanmantoo Group range follows the same Al2O3:SiO2 trend (Figure 5:5) as the late Palaeozoic 
glacigene sedimentary rocks. The Kanmantoo Group ranges from 85 to 60% SiO2 and 10 to 20% Al2O3. 
The glacigene sedimentary rocks that plot within this range are dominated by clay and silt lithologies 
that are oxidised or have minimal weathering. Although plotting along the same trend, the sand-rich 
glacigene sedimentary rocks have higher SiO2 and lower content Al2O3 when compared to the average 
of the Kanmantoo Group and Encounter Bay Granite (Figure 5:5). This relationship continues in the 
Harker plots of trace elements against Al2O3 (Figure 5:8) and Fe2O3 (Figure 5:9). The Kanmantoo Group 
has comparable trends to the ‘background’ trends defined by samples of the minimal and oxidised 
weathering types on most plots, overlapping with samples of the clay and silt-rich rock types. This 
suggests that the relationship between high trace elements and Al2O3 and Fe2O3 content in clay and silt 
lithologies in the glacigene sedimentary rocks are similar to the relationships within the Kanmantoo 
Group.  
The Kanmantoo Group occupies the middle of the A-CNK-FM plot (Figure 5:6), at ~0.4 Al2O3 and ranging 
from 0.45 CNK, 0.15 FM to 0.15 CNK, 0.45 FM. This range overlaps with PAAS and occupies a similar 
space as a large group of late Palaeozoic samples of the minimal and oxidised weathering types. The 
Encounter Bay Granites include samples trending toward the mid-point of the A-CNK axis, consistent 
with the significant component of feldspar and mica observed in these rocks (Foden et al. 2002). On 
the A-CN-K plot (Figure 5:7) the Kanmantoo Group occupies an array between 0.50 A, 0.45 CN, 0.05 K 
and 0.70 A, 0.05 CN, 0.25 K. The CN-rich end of the Kanmantoo Group array sits mid-way along the A-
CN axis, distinct from the carbonate weathering trend in the late Palaeozoic samples. This is consistent 
with plagioclase, or a Na/Ca bearing sheet silicate such as montmorillonite, being a significant 
component of the Kanmantoo Group as observed by Haines et al. (2009). A likely explanation for the 
trend toward more Al and K-rich compositions is the variable replacement of plagioclase by sheet 




large group of late Palaeozoic glacigene samples of the minimal, oxidised and ferruginous weathering 
types.  
That the Kanmantoo Group and late Palaeozoic glacigene sedimentary rocks have diverging trends on 
the A-CN-K plot does not rule out the Kanmantoo Group as a potential source. One possible 
interpretation of the data is that the Kanmantoo Group and the late Palaeozoic samples (all of which 
were taken from surface exposures) underwent similar surficial weathering processes in the relatively 
recent geological past, resulting in them being pulled toward similar locations on the A-CN-K plot. The 
Kanmantoo Group dataset, for reasons related to the particular sampling technique, location or local 
preservation has a larger component of less weathered samples than the late Palaeozoic group and 
thus preserves a trend toward the A-CN axis.  
The favoured explanation, which more completely accounts for the observed trends, is that the 
Kanmantoo Group underwent weathering or alteration prior to being incorporated in the late 
Palaeozoic glacigene sedimentary rocks. Thus the end-point of pre-glacial alteration (the Al and K-rich 
end of the Kanmantoo Group trend) overlaps with the starting point of post-glacial alteration (the 
minimal and oxidised weathering types of the late Palaeozoic samples). Geochemical trends due to 
post depositional weathering and alteration diverge from this space, toward the A apex (clay 
weathering) and CN apex (carbonate and sulphate weathering) and toward the FM axis (Fe-induration) 
on the A-CNK-FM diagram (Figure 5:6).  
The chondrite normalised Kanmantoo Group average REE geochemistry has a similar pattern to PAAS 
and to the late Palaeozoic glacigene sedimentary rocks (Figure 5:12), with elevated convex, upward 
LREE, a negative Eu anomaly and relatively flat HREE. There is a difference in the normalised REE 
patterns of the Kanmantoo Group averages from Haines et al. (2009) and De Pretis (2011). The higher 
average REE content in the Haines et al. (2009) samples is likely due to the larger number of finer-
grained samples. These samples are likely to have an increased clay mineral content and therefore a 
higher capacity for REE substitutions into the clay mineral lattice. The normalised REE concentrations 
of the clay-rich late Palaeozoic glacigene rocks, most likely to be representative of their source rocks 
are almost identical to those of the Kanmantoo Group samples presented by De Pretis (2011).  
5.4.5 Distinguishing background for exploration geochemistry 
Although the sedimentary rocks of the Troubridge and Arckaringa basins do not host any 
mineralisation, the underlying basement rocks are host to a number of known mineral deposits. The 
Kanmantoo Group is host to a number of base metal deposits which include the Kanmantoo Cu-Au-Ag 
deposit and Angus Zn-Pb-Ag deposit (Figure 5:1; Geological Survey of South Australia 2016). The 
Talisker Pb-Au deposit is the only major deposit that is directly overlain by the Troubridge Basin 
sedimentary rocks in this study area. Known mineralisation of the northern Yorke Peninsula includes 
the Hillside IOCG-U deposit (Figure 5:1). This region is the southernmost extent of the Moonta-
Wallaroo Cu-Au belt and the Olympic Dam IOCG±U Domain (Creaser and Cooper 1993). Sedimentary 
rocks of the Troubridge Basin are preserved in low-lying areas of the northern Yorke Peninsula and 
have been observed approximately 100 km north of the recognised boundary of the basin near Port 
Wakefield (Figure 5:2a). The Arckaringa Basin overlaps the northern extent of the Olympic Dam 
IOCG±U Domain (Creaser and Cooper 1993) and glacigene sedimentary rocks of the Boorthanna 




showed that diamictites of the Boorthanna Formation carry a geochemical signature resulting in a 
manifold increase in the exploration footprint of the Prominent Hill deposit.  
Given the proximity to known mineral deposits it is important to understand how the late Palaeozoic 
sedimentary rocks can be utilised for the exploration of mineral deposits that are potentially covered 
by the sedimentary rocks. As discussed in the introduction of this chapter using geochemistry as a tool 
for vectoring towards potential mineralisation is commonly used in glaciated terrains such as Canada 
and Finland, where the geochemistry of glacigene sediments deposited during the Last Glacial 
Maximum can be used to vector towards potential mineralisation. Research such as that conducted by 
DiLabio and Coker (1987), McMartin and McClenaghan (2001) and Sarala et al. (2009) all suggest that 
understanding the background geochemistry is important in these types of studies. Forbes et al. (2015) 
used the geochemistry of mineralised sediments to show the reworking and redistribution of the 
mineralised sediments into the glacigene sediments in the Arckaringa Basin.  
Most commonly explorers use raw geochemical data or normalise the data to reduce the effect of a 
known geochemical and lithological relationships (Lentz 1996, Harris et al. 1997, Liaghati et al. 2003, 
Corredeira et al. 2008). Normalising to Al2O3 or Fe2O3 are common approaches, as clay minerals and 
Fe-oxide minerals tend to have an ability to concentrate trace elements (Butt et al. 1997, Taylor and 
Eggleton 2001, Scott and Pain 2008). This may lead to false anomalies in geochemical datasets where 
enrichment is due to bulk mineralogy rather than elemental enrichment that may indicate proximity 
to mineralisation.  
It is generally expected that ferruginous sedimentary rocks are enriched in metals such as Pb, Cu, Ni 
and Zn (e.g. Taylor and Eggleton 2001, McQueen 2006, Scott and Pain 2008). Trace elements can be 
incorporated in to Fe-oxide minerals by adsorption, followed by structural substitution, isomorphic 
substitution, growth of new trace-element specific minerals or overgrowth and inclusion of other 
resistate minerals (Scott and Pain 2008). It is likely that the enrichment of trace elements in the late 
Palaeozoic sedimentary rocks is from adsorption and substitution. Trace elements adhere and are 
substituted into Fe-oxides (and Mn-oxides) that are products of weathering such as goethite and 
hematite, thus enriching the ferruginous sedimentary rocks in trace elements (Scott and Pain 2008).  
The generally low concentrations of commodity elements (Cu, Ni, Pb, Zn) in the late Palaeozoic 
sedimentary rocks and the observed relationships with other geochemical components presents an 
opportunity to define the geochemical background as a function of the provenance, depositional and 
weathering processes discussed above. This will help to determine the most suitable data treatment 
(for example normalisation) for highlighting enrichment that is not due to such processes and might 
instead be useful as an indicator of nearby mineralisation.  
The commodity element geochemistry of the late Palaeozoic sedimentary rocks is largely controlled 
by the clay content (i.e. Al2O3) and Fe-oxide mineral content (i.e. Fe2O3). The three trends on the 
commodity element vs Al2O3 plots can be interpreted as the result of three separate controls:  
1) The low commodity element trend is dominated by samples that also have low K2O:Al2O3 and 
plot near the A apex on the A-CN-K plot and along the A-FM axis on the A-CNK-FM plot. These 
samples have undergone intense weathering and have kaolinite as the dominant clay mineral. 
Low levels of the commodity elements in these samples are consistent with cation leaching, 
which is commonly observed in highly weathered kaolinite-rich saprolites (Taylor and Eggleton 




2) The moderate commodity element trend most closely matches the field for Kanmantoo Group 
sedimentary rocks and PAAS, with the highest commodity element concentrations in clay and 
silt-rich rock types, and is best interpreted as a function of depositional processes. The broad 
positive background relationship can be attributed to the ability of trace elements to 
substitute into the mineral lattice of clay minerals (Taylor and Eggleton 2001, Scott and Pain 
2008).  
3) The high commodity element trend which includes a relatively small number of samples. In 
the case of Cu this trend includes a range of protolith and weathering types, whereas for Pb, 
Ni and Zn the high commodity element trend is dominated by ferruginous samples, suggesting 
a potential Fe-oxide control on trace element concentrations.  
In the commodity elements vs Fe2O3 plots (Figures 5:9f to i) two groups are evident. At Fe2O3 
concentrations <5%, Cu, Ni, Pb and Zn form linear arrays with relatively steep gradients. These arrays 
overlap with the range of Kanmantoo Group sedimentary rocks and PAAS and include the same 
samples as the low Fe2O3:Al2O3 trend on the Fe2O3 vs Al2O3 plot (Figure 5:8j).  
The second grouping has Fe2O3 >5% and variable concentrations of commodity elements (Figures 5:8f 
to j). This group is dominated by samples with ferruginous alteration. Although the concentrations of 
commodity elements in the high-Fe2O3 samples are not systematically higher than the non-ferruginous 
sedimentary rocks there are a number of very high-Fe2O3 samples which also have high commodity 
element concentrations and partly constitute the high commodity element low Al2O3 groups in Figure 
5:8f to i. 
In an attempt to account for commodity element concentrations controlled by clay and Fe-oxide 
abundances, Pb, Zn, Ni and Cu concentrations have been normalised against Al2O3 and Fe2O3. This 
process can be visualised by plotting the commodity elements against Al2O3 + Fe2O3 (Figure 5:14). The 
majority of the samples on these diagrams form a scatter with an upper bounding line which effectively 
defines the background population. The term background is defined by Hawkes and Webb (1962) as 
elemental concentrations that are the normal abundance of an element in a non-mineralised earth 
material. It is also suggested that background concentrations are a range and not an absolute value. 
The samples with background concentrations are shaded in grey on Figure 5:14. Samples that are 
enriched over and above what might be expected due to the abundance of clay and Fe-oxides plot 
above the background population, toward the y-axis on these diagrams.  
The enriched samples identified in this way include a range of sedimentary protoliths and weathering 
types (Figures 5:14; Table 5:2). The enriched samples from the Mount Toondina section and the 
diamictite clay from Waterloo Bay are likely enriched in Cu, Pb and Zn due to the presence of lignite/ 
carbonate materials in the sedimentary rocks. Riley et al. (2011) reported that copper is a residual 
component in carbonaceous sedimentary rocks. Pyrite, chalcopyrite and other sulphides are common 
in coal and lignite which also contributes to the Cu content in the carbonaceous and organic-rich 
sedimentary rocks. Gluskoter (1975) reported that Pb is inorganically incorporated into carbonaceous 
material. It is likely that the Pb is associated with the presence of sulphides (Riley et al. 2011). Zn in 
also present in coal and lignite. Typically, the Zn is associated with sulphides however Riley et al. (2011) 







The enrichment of samples (disregarding enrichment due to carbonaceous and organic matter) can in 
all cases be attributed to known local enrichments including mineral occurrences in the underlying 
basement and trace element-rich overlying stratigraphy. This shows that using normalisation based on 
lithogeochemical relationships can differentiate between elemental abundances related to 
provenance, depositional and background weathering, or alteration processes and those that might be 
useful as indicators of proximal mineralisation. The type of normalisation needs to be assessed based 
on the sample lithology as well as the weathering alteration as demonstrated in this chapter. The 
reason this is required is that the anomalous data for one dataset may not be anomalous for another, 
just as the background ranges will differ between datasets.  
Using copper as an example, Figure 5:15 demonstrates how using normalisations to Fe2O3, Al2O3, and 
Al2O3+Fe2O3 alter the population distribution to produce successively tighter log normal distributions 
with more clearly defined outliers at the high-Cu end (corresponding to the samples above the 
background population in Figure 5:14a).  
To assess the validity of the normalisation of the glacigene sedimentary rocks the comparisons have 
been made between the raw data and normalised data. Using the samples from the Troubridge Basin, 
the raw Cu data and the Cu data normalised to Al2O3 and Fe2O3 have been plotted on a map of the 
basin (Figure 5:16) to allow spatial comparisons between the data sets. The statistical breaks in the 
data have been made based on the distribution of the data (Figures 5:15a, d). Samples with 
concentrations 2 standard deviations or more from normal have been assessed as the samples that 
are outside of the background range, these are plotted as red dots. These are the samples that are 
potentially enriched in Cu from processes other than lithology and weathering. Normalising the data 
for clay and Fe-oxide mineral content reduces the number of enriched samples from 16 samples using 
the raw Cu data (Figure 5:16a) to nine samples using the Al+Fe normalised Cu data (Figure 5:16b). Six 
of the enriched normalised samples are identified as enriched in the raw data as well as the normalised 
data the other three enriched Al+Fe samples were not identified. This validates what was shown in the 
normalisation histograms (Figure 5:15) that using normalisations based on the lithogeochemistry can 
improve the assessment of geochemical datasets obtained from exploration programs where 






Figure 5:14 Commodity elements (Cu, Ni, Pb and Zn) vs (Al2O3+Fe2O3) Harker diagrams showing normalisation of samples to 
Fe-oxide and clay minerals. Samples that are considered as having background concentration or lower of commodity 





Figure 5:15 Histograms of glacigene sedimentary rocks showing distribution of samples showing a) log Cu; b) log Cu/Al2O3; c) 
log Cu/Fe2O3; d) log Cu/(Al2O3+Fe2O3). Skewness is removed using automated power transformations within the IoGAS 
software package. 
 





The geochemistry of the glacigene sedimentary rocks of the Troubridge and Arckaringa basins suggests 
that via major element ratios a number of signals can be interpreted. These include signals that 
indicate; the preservation of provenance geochemistry; the depositional processes of the glacigene 
rocks, and the types of post-deposition weathering the sedimentary rocks have undergone. 
There are several different types of weathering that the glacigene sedimentary rocks have undergone. 
These are clearly differentiated in the geochemistry particularly in the A-CNK-FM and A-CN-K ternary 
diagrams. Additional weathering groups can also be distinguished in the A-CNK-FM ternary plots that 
are not observable in field observations. 
Sedimentary rocks that have calcareous weathering (carbonate and sulphate) are distinguishable in 
both ternary plots. This is due to the Ca component in these sedimentary rocks likely in the form of 
calcium carbonate and calcium sulphate minerals. In the A-CN-K ternary plot, some oxidised 
sedimentary rocks are pulled towards the CN apex, shown by the arrow in Figure 5:14b. These are the 
sedimentary rocks that have a minor calcium carbonate or calcium sulphate component that are not 
observable in field observation. Additionally, sedimentary rocks with a significant amount of dolomite 
are differentiated from the other calcareous sedimentary rocks. These sedimentary rocks are pulled 
towards the FM apex due to the Mg component in the dolomite (CaMg(CO3)2). It is not possible to 
separate the sedimentary rocks with carbonate or sulphate weathering or dolomitic sedimentary rocks 
in the A-CN-K ternary plot. The ferruginous sedimentary rocks are only differentiated in the A-CNK-FM 
ternary diagram (Figure 5:6) and are pulled toward the FM apex due to the FeO and MgO content. 
Broad depositional processes can be ascertained from the chemistry of the glacigene sedimentary 
rocks. Most of the samples with a sand lithology are geochemically barren, and have very high Si 
content (Figure 5:5) with low concentrations of Al and minor concentrations of Fe, Ca and K. This infers 
that the sedimentary rocks were deposited in an environment where the high energy meltwater 
removed most of the fine sedimentary rocks depositing sands that are primarily the quartz grains and 
rock fragments. The clay and silt sedimentary rocks have comparatively low Si and high Al 
concentrations. These were deposited in a quiet, low energy environment where the finer grained 
sedimentary rocks were deposited.  
The geochemical signals that show a preservation of the geochemistry inherited from the source rock 
(or the provenance signal) in the sedimentary rocks that have minimal weathering or sedimentary rocks 
that have not been intensely weathered rather have undergone some oxidation that has resulted in 
the precipitated or formation of Fe-oxide minerals in the form of mottles or the staining of quartz 
grains. These sedimentary rocks are not restricted to a particular lithology and are expressed in the A-
CNK-FM and A-CN-K ternary diagrams (Figures 5:6, 5:7) by plotting in a small region near the centre of 
the diagrams. The Kanmantoo Group geochemical average also plots in these areas (indicated in Figure 
5:13) suggesting that the samples that plot near this have a similar geochemistry to the Kanmantoo 
Group. The minimal weathering and oxidation the sedimentary rocks have undergone have not 
influenced the major element geochemistry of these sedimentary rocks. 
If the background geochemical signals related to provenance, depositional processes and weathering 




better chance of isolating geochemical signals related to local enrichment of commodity elements that 







Chapter 6: Palaeogeographic reconstruction of 







This chapter provides a series of palaeogeographic reconstructions of late Palaeozoic South Australia. 
The reconstructions are based on the observations and outcomes of Chapters 2 to 5 as well as 
previously published models and reconstructions. Previous reconstructions by Howchin (1912), 
Crowell and Frakes (1971a, 1971b), McGowran (1973), Alley and Bourman (1984) and Veevers (2006) 
have provided a foundation for the reconstructions depicted here and are duly referenced throughout 
the text. The palaeogeographic reconstructions in this chapter illustrate, through a number of state-
wide, planar view reconstructions, the major depositional events that occurred during, and after the 
late Palaeozoic glaciation in South Australia. This chapter has been written as an independent 









A series of new palaeogeographic reconstructions for South Australia during the glacial and post-glacial 
environments during the late Palaeozoic are presented. The reconstructions are a synthesis of existing 
models and new datasets including sedimentology, geochronology and geochemistry. The glacial 
environment has been separated into three depositional stages; glacial advance, glacial maximum and 
glacial retreat. These stages have been preserved in glacigene sedimentary rocks of the Troubridge 
and Arckaringa basins. The glacial environment, during which deposition occurred, has been 
reconstructed largely based on the extent and characteristics of the diamictite units. The shape, 
sorting, size and lithology of clasts in the diamictite facies deposited during each depositional stage are 
unique and can therefore be used to define the stage of glacial environment as well as the maximum 
extend of the glaciation. The glaciation was followed by a marine retreat. The sedimentary rocks 
preserving this post-glacial environment are restricted to the subsurface of the late Palaeozoic basins 
in the north of South Australia and sparse exposures in the Troubridge Basis in the south of the state. 
The marine transgression was followed by freshwater conditions in the north of South Australia. This 
depositional environment comprised of alternating fluvial and lacustrine conditions with occasional 
coal swamps. These alternating sandstone and clay units are largely preserved in the Arckaringa Basin, 
minor lignite, coal and carbonaceous sedimentary rocks are common within the main depocentres of 
the basin.  
6.1 Introduction  
Abundant evidence exists that large parts of Australia were covered by ice in Carboniferous and Early 
Permian times (Figure 6:1a; Crowell and Frakes 1971a, 1971b, Caputo and Crowell 1982, Veevers 2006, 
Playford 2011, Yang et al. 2014). Within South Australia, extensive research (e.g. David and Howchin 
1897, Ludbrook 1961, 1967, Freytag 1964, DeMaison 1969, Townsend 1973, Heath 1974, Finlayson 
1981, Alley and Bourman 1984, Bourman and Alley 1988, 1990, 1995, Hibburt 1995) into the 
sedimentary rocks of the late Palaeozoic basins established that these sedimentary rocks were 
deposited in glacial and post-glacial conditions during the Permo-Carboniferous glaciation. Studies 
such as Howchin (1912), Crowell and Frakes (1971a, 1971b; Figure 1:4), Crowell (1978), McGowran 
(1973), Townsend (1973), and Veevers (2006) have correlated the glacigene sedimentary rocks of 
South Australia with other known late Palaeozoic glacigene sedimentary rocks across Australia. The 
distribution of the sedimentary rocks and understanding of depositional processes during the late 
Palaeozoic offers the chance to study the interactions between global cycles of tectonics, eustacy and 
climate. Previously developed models by Crowell and Frakes (1971a, 1971b), Embleton and Schmidt 
(1977), Embleton and Valencio (1977), Crowell (1978), Veevers (2006), and Isbell et al. (2012) were 
largely based on observations and the distribution of late Palaeozoic glacigene sedimentary rocks in 
New South Wales, Victoria and Western Australia. The late Palaeozoic sedimentary rocks in South 
Australia are an important component to improve the understanding these interactions as they are 
situated between the previously investigated regions.  
The sedimentary rocks of the Troubridge and Arckaringa basins of South Australia investigated in this 
study are an excellent example of how the sedimentology, inferred depositional settings and 
provenance from geochronology of isolated areas can provide an indication of the overall climate and 
depositional conditions occurring across the broader region, and in some cases, continental-scale 




An improved understanding of the historical evidence from these sedimentary rocks can also provide 
a better understanding of the coal measures, shale gas, oil, and aquifers within the basin succession 
as well as the sedimentary rocks that cover mineral provinces.  
 
Figure 6:1 a) Location diagram of key late Palaeozoic basins and basement terranes of Australia, adapted from Pell et al. 
(1997); b) Late Palaeozoic basins and key basement terranes of South Australia, adapted from Alley et al. (1995). AB: 
Arckaringa Basin (green outline); ARC: Adelaide Rift Complex; BM: Bacchus Marsh; Blm: Blinman area; CB: Canning Basin; 
CoB: Cooper Basin; GC: Gawler Craton; MT: Mulgathing Trough; OB: Officer Basin; OG: Ovens Graben; PB: Pedirka Basin; SB: 
Springfield Basin; TB: Troubridge Basin (red outline); Wy: Wynyard; YC: Yilgarn Craton. Measured sections: 1: Mount 
Dutton; 2: Mount Toondina; 3: Box Creek; 4: Waterloo Bay; 5: Hallett Cove; 6: Cape Jervis; 7: Kingscote Composite; 8: Kings 
Point.  
This chapter addresses the issue of delineating the nature and provenance of glacial deposits in the 
Troubridge and Arckaringa basins with inference on other late Palaeozoic basins in South Australia 
including the Cooper, Pedirka, Nadda and Denman basins (Figure 6:1b). These are regions of sparse 
exposure for which the basic understanding of the evolution of glacial and post-glacial sedimentary 




accounts for changes in depositional mechanisms and gives an improved understanding of the 
sediment dispersal, their potential source regions, and the direction of ice flow. The palaeogeographic 
reconstructions encompass was constructed based on the sedimentological (Chapters 2 and 3), 
provenance (Chapter 4) and geochemical (Chapter 5) differences between the basins as well as 
between lithological units within the basin, together with the inferences made about the glacial setting 
from these differences.  
6.1.1 Background geology  
Remnants of the late Palaeozoic glaciation are preserved across Australia (Figure 6:1a). Glacigene 
sedimentary rocks deposited at this time are often floored by polished and striated pavements, and 
have been identified in the Bacchus Marsh area in central southern Victoria, the Ovens Graben in 
northeastern Victoria (Craig and Brown 1984, Roberts 1984, O'Brien 1986, Holdgate 1995, O'Brien et 
al. 2003), Wynyard in Tasmania (Banks 1962, Fielding et al. 2010) and the Canning Basin in Western 
Australia (Figure 6:1a; Crowell and Frakes 1971b, Towner 1981). Within South Australia, late Palaeozoic 
sedimentary rocks have been recognised in a number of basins Figure 6:1b), and are best preserved 
within the Troubridge and Arckaringa Basins (Figure 6:1b). The majority of the late Palaeozoic glacigene 
sedimentary rocks of South Australia are restricted to the subsurface with only small, discrete surface 
exposures typically on the margins of the basin (Alley et al. 1995).  
Within South Australia, late Palaeozoic glacigene sedimentary rocks are best preserved within the 
Troubridge and Arckaringa Basins. Within the Troubridge Basin, the sedimentary rocks occur within 
five units of the well exposed Cape Jervis Formation. The Cape Jervis Formation has five informal units 
(Chapter 2). Units one to four were deposited during the glaciation and therefore their deposition was 
directly influenced by the glacier (Alley and Bourman 1984, Alley et al. 1995). These units comprise of 
diamictite, clay and sandstone. These lithologies are typically bedded within each unit although units 
two and four are dominated by diamictite beds where units one and three are dominated by beds of 
clay and sandstone (Ludbrook 1967, Alley and Bourman 1984, Alley and Bourman 1995). Unit five was 
deposited in a transgressing marine environment and as such is dominated by bedded clay with 
occasional sandstone beds. These sandstone beds are due to localised influence of glaciers (Alley and 
Bourman 1984, Alley et al. 1995). 
Glacigene sedimentary rocks within the Arckaringa Basin are mostly restricted to the subsurface with 
limited exposures along the basin margins. The stratigraphic units of the Arckaringa Basin are 
representative of the major depositional events that occurred during the late Palaeozoic. The 
Boorthanna Formation was deposited during the Permo-Carboniferous glaciation (Townsend 1973, 
Hibburt 1995). The unit consists of beds of diamictite and sandstone with minor beds of carbonate and 
clay dominate the lower Boorthanna Formation. The upper Boorthanna Formation is dominated by 
sandstone and siltstone with minor diamictite lenses (Heath 1963, Townsend 1973, Hibburt 1995). The 
Stuart Range Formation was deposited during the marine incursion which followed the decay of the 
icesheet (Townsend and Ludbrook 1975, Hibburt 1995). The lower Stuart Range Formation is 
dominated by shale with minor siltstone and sandstone (Townsend and Ludbrook 1975, Hibburt 1995). 
The Mount Toondina Formation was deposited in an alternating lacustrine and fluvial environment 
(Freytag 1964, 1965, Townsend and Ludbrook 1975, Hibburt 1995). The unit consists of siltstone and 




6.2 Approach  
Existing models and reconstructions provide an excellent basis to develop a comprehensive 
reconstruction of the depositional mechanisms of the late Palaeozoic sedimentary rocks in South 
Australia with emphasis on the Troubridge and Arckaringa basins. With the exception of Howchin 
(1912), the previous models (such as Crowell and Frakes 1971a, 1971b, Embleton and Valencio 1977, 
Caputo and Crowell 1982, Veevers 2006) were constructed using the distribution of till facies and 
glaciated pavements to relate the maximum extent of the glaciation. The types of glaciation proposed 
are based on observations from the last glacial maximum and current glacial conditions in the Northern 
Hemisphere. The presence of a continental-size glacier was deduced from the preservation of glaciated 
pavements in South Australia, Victoria, and Western Australia (e.g. Crowell and Frakes 1971a, 1971b, 
Caputo and Crowell 1982, Veevers 2006). The presence of alpine and valley glaciers was based on the 
palaeolatitude of the highlands during the late Palaeozoic (e.g. Embleton and Schmidt 1977, Embleton 
and Valencio 1977, Isbell et al. 2012) due to alpine glaciation typically only forming at high latitudes.  
The new reconstructions for the South Australian late Palaeozoic glaciation presented here are based 
on observations within previous studies in combination with new data (Table 6:1). The period of 
glaciation has been divided into three stages; glacial transgression, maximum glaciation and glacial 
regression. Set criteria are used to define the overall glacial environment and the environment of 
deposition of sedimentary rocks. The criteria have been collated from glaciology and facies analysis, 
where as a single criteria has been linked to a glacial environment or environment of deposition, here 
multiple criteria have been linked together to create a series of multifaceted criteria that include 
modern landscape remnants of the glacial environment, sedimentology and provenance studies to 
reconstruct the paleogeography during and after the late Palaeozoic glaciation in South Australia. 
Criteria used in this study are given in Table 6:1, and includes collation of previously published criteria 
on glacial depositional environments and a summary of relevant observations from the glacial sediments 
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Criteria defining the glacial environment are the presence of landscape features such as: 
- Polished pavements with striations, concentric grooves, chatter marks and winding channels, 
- Roche Moutonńee, cirques and kettle holes, and  
- U-shaped valleys, typically floored by polished pavement. 
Differences in sedimentological properties between diamictite units deposited by an icesheet (referred 
to as icesheet-derived) versus by fluvial systems typical of ice tongues and valley glaciers (referred to 
as valley glacier-derived) is used to remodel the extent of the continental icesheet along with the 
probable extent of the ice tongue at the margin of the icesheet and the likely locations of valley 
glaciers. The presence of diamictite units is used to predict the extent of the depositing glacier as these 
sedimentary rocks are deposited at the front of the ice.  
Criteria to describe icesheet-derived diamictites deposited during the advance of the icesheet are: 
- Presence of glaciated basement, 
- Large (up to several tens of metres), glacially polished erratics, and 




Criteria to describe icesheet-derived diamictites deposited during the retreat of the icesheet are: 
- Variable matrix from clay to coarse-grained sand, 
- Clasts up to 40 cm, dominated by subrounded to rounded, variably sourced, 
- Unconsolidated or clast-supported, and 
- Interbedded with sandstone and pebble beds. 
Diamictite deposited in an environment with both icesheet and ice tongue glaciers have the same 
criteria, however the clasts are rounded to angular. Valley glacier-derived diamictites are identified by: 
- Presence of U-shaped valleys 
- Rounded to angular (higher portion of rounded), distally- and locally-derived clasts, 
- Mature, well sorted and subrounded to rounded matrix, 
- Mud to sandstone matrix, and 
- Presence of the bedded silty clay unit above the diamictite.  
The glacial regression is defined by the presence of alternating fluviolacustrine clay and sand beds that 
vary in thickness. Minor diamictite beds may be present. Differences in the dominant sediment (i.e. 
clay dominated or sand dominated) within the unit are attributed to the dominant glacial setting (e.g. 
fluvioglacial or glaciolacustrine).  
The extent of the marine transgression is defined by sedimentary rocks that are dominated by green, 
massive to bedded clay with prismatic fracturing and occasional sandstone beds. These sedimentary 
rocks are largely confined to the subsurface and therefore the extent of the maximum marine 
transgression is largely defined by the extent of marine sedimentary rocks in drill holes. Freshwater 
conditions are characterised by alternating fluvial and lacustrine, freshwater shale, siltstone and 
sandstone beds with intermittent occurrences of coal and carbonaceous sedimentary rocks. Both 
marine and freshwater depositional conditions are verified by the presence of foraminifera as 
described by Ludbrook (1961, 1967), Harris and McGowran (1971), Foster (1974), Alley (1995) and 
Hibburt (1995). 
6.2.1 New data 
New datasets used to constrain the palaeogeography of late Palaeozoic South Australia include a 
regional assessment of sedimentology of the glacigene sedimentary rocks across the Troubridge and 
Arckaringa Basins, geochronology and geochemistry. These new data are presented in detail in 
Chapters 2 to 5.  
Sedimentology of the glacigene Cape Jervis Formation of the Troubridge Basin (Chapter 2) and the 
Boorthanna Formation of the Arckaringa Basin (Chapter 3) provide a record of the stages of glacial 
deposition from a wet-based glacier to fluvioglacial to glaciomarine. Detailed observations of locally-
sourced, angular to rounded clasts within diamictite units lower in the stratigraphy suggest that 
smaller, more mobile ice tongue glaciers were likely dominant. Interbedded clay and sandstone beds 
in the middle of the glacial sequence are indicative of a stagnant icesheet. Large, poorly sorted clasts 
within diamictite units higher in the sequence suggests that the ice mass was rapidly melting. These 
diamictites are often interbedded with sandstone beds and lenses indicative of small glacial lakes and 
meltwater streams. The increase in occurrence of diamictite and sandstone beds towards the top of 
the unit is indicative of the increased melting of the ice mass. Massive to bedded clays at the top of 
the sequence are indicative of a marine incursion. Minor sandstone beds suggest periodic fluvioglacial 




(Chapter 3) consists of carbonaceous sandstone and siltstone units. The interbedded nature of this unit 
as well as the sedimentology implies that the sedimentary rocks were deposited in an alternating 
lacustrine and fluvial setting. 
Sedimentological observations suggest the Boorthanna and Cape Jervis formations are temporal 
equivalents. The sedimentary rocks of both formations comprise of diamictites that were deposited 
via the action of icesheets, ice tongues and valley glaciers. The depositional mechanisms of the two 
basins then became variable. Sedimentary rocks of the Arckaringa Basin were being deposited in a 
deepening marine setting whilst fluvioglacial and glaciomarine sedimentary rocks were being 
deposited in the Troubridge Basin. The environment of the Arckaringa Basin then became terrestrial 
and alternating lacustrine and fluvial sedimentary rocks were deposited. At this time the Troubridge 
Basin moved to a deepening glaciomarine environment. These sedimentological observations are 
substantiated by foraminiferal age evidence. Ludbrook (1691, 1967), Jones (1987) and Hibburt (1995) 
reported the Boorthanna Formation to be Asselian to Sakmarian (298 – 290 Ma) from palynogical 
studies. The Cape Jervis Formation is also reported to be Asselian to Sakmarian by Ludbrook (1967, 
1969b), Harris and McGowran (1971), Foster (1974), Bourman and Alley (1990) and Alley and Bourman 
(1995). 
Geochronology of the late Palaeozoic sedimentary rocks of the Troubridge and Arckaringa basins 
constrain the provenance of the glacigene sedimentary rocks at different geographic locations and 
stratigraphic levels (Chapter 4). Multiple zircon grain populations were identified to be significantly 
older than the ca 285-300 Ma depositional age previously determined from palynology (Ludbrook 
1967, Alley et al. 1995). Zircon grain populations from the Troubridge Basin are dominated by ca 500 
to 650 Ma, while sedimentary rocks of the Arckaringa Basin are dominated by significant zircon 
populations of ca 990 to 1200 Ma and ca 1700 to 1900 Ma. Provenance of the zircon grains suggests 
that the sedimentary rocks from the Troubridge Basin were sourced almost exclusively from the 
Kanmantoo Group and the Transantarctic Mountains of Antarctica. Conversely, the Arckaringa Basin 
sedimentary rocks were primarily sourced from the Gawler Craton and Adelaide Rift Complex. 
The major element whole rock geochemistry of the glacigene sedimentary rocks is largely controlled 
by depositional and post-depositional weathering processes (Chapter 5). Ratios of Al2O3 and SiO2 are 
indicative of depositional process including the degree of water activity that has the potential to wash 
away finer sediment fractions. The intense weathering of the sedimentary rocks includes sulphate, 
carbonate, ferruginous and clay weathering, and is identified from ratios of Al2O3, Fe2O3, K2O, CaO and 
MgO. Sedimentary rocks that have geochemical signatures that are not controlled by depositional or 
weathering processes are typically moderately oxidised or minimally weathered. These sedimentary 
rocks preserve geochemical signatures similar to the sediment source rocks. The likely source rocks 
include the Kanmantoo Group metasedimentary rocks which have a similar geochemistry to the 
minimally weathered glacigene sedimentary rocks.  
6.3 Palaeogeographic reconstructions 
6.3.1 Maximum glaciation 
The reconstruction models presented here (Figures 6:2 to 6:4) show the varying environments through 
the Permo-Carboniferous glaciation. The Cape Jervis Formation and Boorthanna Formation were 




moving, continental-scale icesheet of Alley et al. (1995) and the eastern alpine glacial system and a 
western continental icesheet suggested by Veevers (2006) and Isbell et al. (2012).  
Glacial advance 
Icesheet-derived diamictites (or lodgement till) are typically deposited at or underneath the front of 
an advancing ice mass (Bennett and Glasser 2009). Lodgement tills have been recorded extensively in 
late Palaeozoic basins across southern South Australia, including in the Troubridge and Polda Basin and 
the southern Arckaringa Basin (Figure 6:2; Alley et al. 1995). These lodgement tills have been 
recognised based on the criteria outlined in section 6.2.1. 
Calculations from striae and till fabric orientation studies (Alley and Bourman 1984, Bourman and Alley 
1988, 1990, 1995, 1999, Alley et al. 2013) indicate the continental icesheet moved in a north to 
northeasterly direction from Antarctica into South Australia. This ice movement direction is supported 
by provenance studies of the Cape Jervis and Boorthanna Formation. The Cape Jervis Formation is 
primarily sourced from the Kanmantoo Group as well as Transantarctic Mountains of Antarctica 
(Chapter 4). The presence of zircon grains sourced from Antarctica suggests that a portion of 
sedimentary rocks eroded by the advancing ice mass remained trapped in the ice and were 
consequently transported by the ice mass. The provenance spectra of the Boorthanna Formation also 
suggest that a portion of the sedimentary rocks may have been sourced from either the Kanmantoo 
Group or Antarctica (Chapter 4). It is probable that these sedimentary rocks were also transported by 
the icesheet and then into the Arckaringa Basin via ice tongue glaciers or meltwater streams.  
The lodgement till of the Troubridge Basin (unit two of the Cape Jervis Formation) has both rounded 
and angular clasts that are predominantly locally-derived. The occurrence of both rounded and angular 
clasts suggests that the lodgement till was deposited in an environment that included both an icesheet 
(angular clasts) and tongue glaciers (rounded clasts). The ice tongues preceded the icesheet as it 
moved across the basin. The ice tongue movement deepened existing valleys, resulting in scouring and 
exposing of bedrock that was subsequently polished by the following icesheet to form glaciated 
pavements. Landscape features such as the cirque at Christmas Cove, Kangaroo Island (Bourman and 
Alley 1999) as well as the occurrences of glaciated pavements in proximity to the U-shaped valleys in 
the Fleurieu Peninsula (David and Howchin 1897, Bourman and Alley 1988, 1990, 1999) suggest 
smaller, more mobile ice masses preceded the main icesheet. The ice tongue glaciers tend to produce 
lodgement till with higher incidence of rounded clasts as these glaciers generally transport 
sedimentary rocks further (Ashley et al. 1985). The presence of locally-derived, angular clasts 
Kanmantoo Group are an example of icesheet-derived material. Conversely, large, continental-scale 
icesheets are not as mobile and tend to produce lodgement till that is typically locally-derived 
therefore clasts are subject to less transport and rounding.  
The lodgement till of the Troubridge Basin (unit two of the Cape Jervis Formation) has both rounded 
and angular clasts that are predominantly locally-derived. The occurrence of both rounded and angular 
clasts suggests that the lodgement till was deposited in an environment that included both an icesheet 
(angular clasts) and tongue glaciers (rounded clasts). The ice tongues preceded the icesheet as it 
moved across the basin. The ice tongue movement deepened existing valleys, resulting in scouring and 
exposing of bedrock that was subsequently polished by the following icesheet to form glaciated 
pavements. Landscape features such as the cirque at Christmas Cove, Kangaroo Island (Bourman and 
Alley 1999) as well as the occurrences of glaciated pavements in proximity to the U-shaped valleys in 
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Figure 6:2 Palaeogeographic reconstruction of the glacial advance that occurred between the Late Carboniferous and earliest 
Permian (Asselian). Model is based on field observations (this study), Alley et al. (1995) and Veevers (2006). 
Glacial maximum 
A continental icesheet extended over most of the Troubridge Basin and continued north to the 
southern Arckaringa Basin (Figure 6:3). The northern extent of the ice tongue at the southern margin 
of the Arckaringa Basin coincides with the northern most occurrence of lodgement till (Figure 6:3). The 
limited occurrence lodgement till in the Arckaringa Basin is likely an indicator of the maximum 
northerly extent of the icesheet and associated ice tongue glaciers. The fluvial and reworked nature of 
the lower Boorthanna Formation diamictites in the Wallira, Phillipson and Tallaringa troughs 




Phillipson Trough (Figure 6:3) as a glacially scoured depocentre (Menpes et al. 2010) suggests the 
presence of ice tongues at the northern extent of the continental icesheet (Figure 6:3). 
Discrete occurrences of diamictite have been observed within the Arckaringa Basin (Chapter 3, Figure 
3:3) in close proximity to the highlands such in the Boorthanna Trough adjacent to the Peake and 
Denison Ranges (Freytag et al. 1967, Townsend and Ludbrook 1975, Rogers et al. 1996a). These 
discrete occurrences have also been observed within the Cooper, Denman and Nadda basins (Figure 
6:1; Alley et al. 1995). Previous models have assumed these were flow till successions deposited by the 
decaying continental icesheet (Crowell and Frakes 1971a, Alley et al. 1995). The discrete diamictite 
occurrences such as those at Mount Dutton (Figure 6:1) include rounded clasts and are typified by an 
alternating mud and sand matrix that is often interbedded with sand lenses and beds up to ten metres 
thick and overlying sandstone-matrix diamictite (Chapter 3). The clasts in the diamictite have 
previously been suggested to have been rounded by reworking and transport in meltwater streams 
that may be subglacial (e.g. ice tongues), or surficial (e.g. at the end of valley glaciers; Bennett and 
Glasser 2009). The rounded, well sorted clasts of the diamictite are indicative of a depositional setting 
that included the transport and rounding of the sedimentary rocks in a high energy environment such 
as a meltwater stream that was also transporting pebble and boulder-sized rocks such as the at the 
front of a valley glacier. The overlying bedded sandstone and siltstone is indicative of increasingly 
fluvially dominant environment (Figure 6:3b).  
Provenance studies of the Boorthanna Formation within the Boorthanna Trough (Figure 6:1; Chapter 
4) indicate sediment was primarily sourced from the Adelaide Rift Complex and Gawler Craton rocks 
of the Peake and Denison Ranges that are adjacent to the eastern margin of the basin. This is supported 
by the interpretation that the continental icesheet and associated ice tongues did not extend into the 
northern Arckaringa Basin, and therefore only reached the southernmost Boorthanna Trough. This 
suggests that the diamictite units were deposited by meltwater streams of variable sources, and are 
interpreted to be related to the presence of valley (or piedmont) glaciers that originated in the Gawler 
Craton Highlands (Figure 6:3), rather than the larger continental icesheet and ice tongue glaciers or 
associated meltwater flow deposits (Heath 1963, Bennett and Glasser 2009).  
Following the initial advance of the icesheet into South Australia, the ice mass stagnated in the 
Troubridge Basin. Along the palaeo-coastline of the Troubridge Basin, this is similar to the modern 
coastline, glacial lakes formed due to the ice mass being stagnant trapping the meltwater. Lakes fed 
by meltwater formed between the ice mass and the shore as speculated by (Bourman and Alley 1990, 
Alley et al. 2013). The increased meltwater in the system would have carried an increased amount of 
sand-sized sediment into the glacial lakes, resulting in an increase in deposition of sand beds as 
reflected in unit three (fluviolacustrine beds) of the Cape Jervis Formation (Chapter 2). The lower 
fluviolacustrine beds are clay dominated, and were deposited as fine sedimentary rocks settling out of 
suspension from glacial lake water. The presence of sandstone beds within the unit suggests input of 
sand-sized sediment from meltwater streams directly from under the glacier and into the glacial lake. 
The increase in occurrence of diamictite and sandstone beds towards the top of the fluviolacustrine 
beds is indicative of the melting ice mass directly dumping debris into the lake. The presence of 
dropstones suggests icebergs were present on the lake surface. The variable thickness and widespread 
nature of the fluviolacustrine beds across the Troubridge Basin is attributed to the differing depths of 
the glacial lake as well as sediment availability. The period of stagnation and direction of the glacial 






Figure 6:3 a) Palaeogeographic reconstruction of the maximum glaciation that occurred between the Late Carboniferous and 
earliest Permian (Asselian). Model is based on field observations (this study), Alley et al. (1995) and Veevers (2006); b) Stylised 





The distinctively different characteristics between icesheet and fluvially deposited diamictites of the 
Boorthanna Formation allows the tentative extent of the icesheet to be mapped out along the 
southern margin of the Arckaringa Basin (Figure 6:3), reaching the Mulgathing Trough, where icesheet-
derived diamictites have been observed (Forbes et al. 2015), but not reaching the Arckaringa Basin. 
This is supported by the ice movement direction being in a northwesterly direction (Figure 6:3; Alley 
and Bourman 1984, Bourman and Alley 1990, 1999). Due to the absence of late Palaeozoic sedimentary 
rocks overlying, and glacial landforms within the Gawler Craton such as glaciated pavements it is 
unlikely that the icesheet covered most of South Australia as has been previously inferred by Crowell 
and Frakes (1971b) and Alley et al. (1995). The reconstruction presented here shows that the eastern 
edge of the icesheet continues towards Antarctica and follows the northeastern margin of the 
Troubridge Basin. The inferred western margin of the icesheet is to the east of the Denman Basin 
where it is likely to continue south towards Antarctica (Figure 6:3).  
The Permo-Carboniferous reconstruction of Australia proposed by Veevers (2006) did not include a 
synthesis of the centre of the continent, therefore, it is difficult to compare it to the model proposed 
here. Veevers (2006) did however conclude that during the latest Carboniferous much of Western 
Australia was covered with icecaps and glaciers which had spread eastward towards the Arckaringa 
Basin. Further spreading north was prohibited by the Central Australian Highlands. It is feasible for the 
late Palaeozoic glacial system to have extended south of the Central Australian Highlands into South 
Australia. However, there is little evidence of this as any potential glacigene sedimentary rocks south 
of the Central Australian highlands are deeply covered by sedimentary rocks of the Great Victoria 
Desert (Drexel and Preiss 1995). Therefore, the extent of the icesheet has been placed east of the 
Denman Basin (Figure 6:3). The extent of the ice tongue glaciers associated with the icesheet is also 
difficult to ascertain due to poor exposure of the diamictite units and diagnostic landscape features 
such as polished and striated glacial pavements or glacially-carved U-shaped valleys.  
Many authors (including Heath 1963, Crowell and Frakes 1971b, Alley et al. 1995, Veevers 2006, Isbell 
et al. 2012) have suggested the formation of alpine glaciers in the highlands of eastern Australia during 
the Permo-Carboniferous glaciation. In general it is accepted that these glacial systems were 
independent of the icesheet that covered South Australia (Isbell et al. 2012, Veevers 2006). Veevers 
(2006) also suggested the presence of similar icecap and valley glaciers in the Central Australian and 
Central Gawler Highlands which fed sediment into the Pedirka and Arckaringa basins via ice and fluvial 
deposition. Given the probable presence of an alpine glacial system in other highlands near the 
Arckaringa Basin, it is likely that the Gawler Craton highlands had a similar system. This system would 
have included icecap glaciers on top of the highest peaks and a series of valley glaciers travelling 
westwards downslope towards the Arckaringa Basin. These valley glaciers would have fed reworked, 
glacial sedimentary rocks into the Boorthanna Trough via meltwater streams. It is also likely that valley 
glaciers would have moved in an easterly direction onto the region now occupied by the Flinders 
Ranges (Figure 6:3). Small exposures of late Palaeozoic diamictite have been observed at Blinman in 
the northern Flinders Ranges. These sedimentary rocks have similar characteristics to the reworked 
diamictites in the Boorthanna Trough (Alley et al. 1995). The depositional mechanisms for these are 
poorly constrained, although from lithological descriptions it is likely that the sediment is valley glacier-
derived diamictite. 
The reconstructions shown in Figure 6:2 and 6:3 differs from the widely-accepted model that all of the 




that the icesheet reached as far north as previous models indicated for several reasons: the absence 
of glacially polished pavements in places other than the Troubridge Basin; the differentiation of 
icesheet-derived diamictite deposits from ice tongue and valley glacier-derived diamictite deposits; 
and the acknowledgement of the already uplifted highlands (Figures 6:2 and 6:3). Remnants of the 
Central Australian Highlands and Gawler Craton Highlands (Figure 6:3) are now expressed as the 
Musgrave Province and Adelaide Rift Complex /Peake and Denison Ranges respectively, although the 
later has also undergone significant post-Mesozoic uplift. There is no surface expression of the Eastern-
Central Highlands or the western Gawler Craton Highlands, which are now overlain by extensive, thick 
cover sequences of the Eromanga Basin and Eucla Basin respectively (Drexel and Preiss 1995). Veevers 
(2006) suggested the presence of the Eastern-Central Highlands due to the presence lithology of 
glacigene sedimentary rocks in the Cooper Basin. Based on evidence of similar valley glacier-derived 
glacigene sedimentary rocks recorded in the Nadda Basin, the reconstruction presented here (Figure 
6:3) includes the presence of the western Gawler Craton Highlands that would have had ice cap and 
valley glaciers that may have deposited valley glacier-derived diamictite units into the Nadda Basin. 
The valley glacier-derived diamictite deposits in the Tallaringa Trough of the Arckaringa Basin may have 
been deposited by valley glaciers originating in these highlands, however, it remains difficult to 
distinguish the diamictite types due to lack of exposure and therefore detailed sedimentological 
descriptions.  
Glacial retreat  
The increase of diamictite towards the top of the fluviolacustrine beds of the Cape Jervis Formation 
signals the beginning of melting and retreat of the ice mass. Alley and Bourman (1984) linked the flow 
till complex (unit four) of the Cape Jervis Formation to the decay and retreat of the continental ice 
mass. The large, poorly sorted clasts of the diamictite within the flow till complex suggests that the ice 
mass was rapidly melting, leading to an accumulation of debris on the surface, which flowed 
downslope. Sandstone and pebble beds and lenses interbedded with the diamictite are likely due to 
small lakes and meltwater streams forming between the fall of debris.  
The flow till complex varies in thickness and lithology across the Troubridge Basin (Figure 6:4). This is 
due to the position of the ice in relation to the section. At Cape Jervis, the ice was likely very close to 
the shoreline and no glacial lakes remained, therefore the meltwater likely flowed towards the west 
into Gulf St Vincent transporting the finer sand and clay-sized sedimentary rocks away from Cape Jervis 
leaving the larger debris to be deposited at Cape Jervis. At other sections, particularly Kings Point, the 
shoreline (assuming a similar configuration to the modern shoreline) is of a more favourable 
orientation to accommodate formation of glacial lakes. Evidence of the formation of such lakes is seen 
as the clay beds that are dominant within unit four of the Cape Jervis Formation at Kings Point.  
In the Arckaringa Basin, Townsend and Ludbrook (1975) suggested sand and clay lenses and beds in 
the lower Boorthanna Formation were the result of alternating deposition of sand and mud by 
meltwater. These are deposited when larger clasts are either not available or meltwater is limited and 
the stream does not have sufficient energy to transport clasts and sand grains allowing only suspended 
mud particles to be transported and deposited (Bennett and Glasser 2009, Singh and Haritashya 2011). 
The alternating strata occur with clasts (as a diamictite) or without. The latter are interbedded with 
diamictite units or overlie the diamictite, and are an indication of the transition into non-glacial 
deposition. It is not clear if the fluviolacustrine sedimentary rocks in the lower Boorthanna Formation 




Large sandstone deposits such as at Box Creek (Figure 6:1) are mostly associated with subglacial fan 
deposits forming at the end of a valley glacier (Wilmot 1987, Rogers et al. 1996b, Bennett and Glasser 
2009, Chapter 3). The absence of lithics in the form of pebble- and cobble-sized clasts in the sandstone 
units, the sparse occurrence of erratics and smaller, striated and faceted clasts is indicative of 
deposition by meltwater from a valley glacier that had very few larger clasts trapped in the ice. This 
occurs when the glacier is in final stages of deglaciation and most clasts and erratics have already been 
extracted from the ice (Bennett and Glasser 2009). The sandstone units include subrounded, elongate 
and rhombic-shaped grains that indicate less reworked, immature sediment when compared to the 
sedimentary rocks of Mount Dutton. Given the limited extent of the icesheet and associated ice tongue 
glaciers, it is more probable that the sand and clay lenses and beds were deposited via meltwater 
streams (Figure 6:4). Flow till complex sedimentary rocks have not been observed in the Arckaringa 
Basin. This is likely due to the icesheet not reaching the middle of the basin (Figure 6:3) as the 
deposition of the flow till complex is directly related to the presence of decaying ice. It is possible valley 
and alpine glaciers were also in retreat contemporaneously with decay of the continental icesheet, 
however evidence of related flow till complex diamictite is lacking.  
The clay beds of the glaciomarine sediments (unit five) of the Cape Jervis Formation have been broadly 
correlated with the upper Boorthanna Formation (Chapter 3). These sedimentary rocks were deposited 
during the stages of the marine transgression. The sedimentary rocks are sparsely preserved across 
the Troubridge Basin although it is generally accepted that the marine transgression stretched across 
most of South Australia as temporally equivalent marine sedimentary rocks have been observed in 








Figure 6:4 Palaeogeographic reconstruction of the glacial regression that occurred in the Asselian-Sakmarian. Model is based 
on field observations (this study), Alley et al. (1995) and Veevers (2006).  
6.3.2 Maximum marine transgression 
The palaeoenvironment during the maximum marine transgression is difficult to reconstruct due to 
limited exposure and drill logs preserving the Stuart Range Formation in the Arckaringa Basin and its 
equivalents. There are no sedimentary rocks associated with the maximum marine transgression 




beginning of the marine incursion (Alley and Bourman 1984). The debate surrounding the direction of 
the transgression adds difficulty to the reconstructions. The reconstruction given in Figure 6:5 indicates 
a westerly incursion as suggested by Veevers (2006) and Wopfner (1972). A westerly incursion is 
favoured as the western Gawler Craton Highlands (Figure 6:5) would have blocked a direct flow path 
into the centre of South Australia. A westerly transgression also supports the suggestion of Crowell 
and Frakes (1971a) for the existence of an epeiric sea that arched from the Canning Basin in Western 
Australia across the continent. A southwestern transgression direction was postulated by Heath (1974) 
and McGowran (1973). This may be possible, however, it is difficult to distinguish between a westerly 
or southwesterly marine transgression with currently available data.  
Veevers (2006) suggested that the icesheet that covered most of southern Western Australia had 
melted by the Early Permian and that this meltwater is the likely source of the marine incursion into 
South Australia. It is possible that during the southward retreat of the icesheet further marine waters 
were able to advance from the southwest, which may account for the marine sedimentary rocks in the 
Polda and Denman basins. No flow direction indicators have been reported so it is not possible to prove 
or disprove this.  
At maximum transgression, the shoreline reached the eastern edges of the Arckaringa Basin and 
Troubridge Basin, inundating these basins as well as the Polda Basin and Denman Basin (Figure 6:5). 
The shoreline extent between these basins is unknown, and has therefore been inferred based on the 
occurrence of late Palaeozoic marine sedimentary rocks (Figure 6:5; Alley et al. 1995). The presence of 
the Stuart Range Formation (approximately 300 m) in the Tallaringa Trough (Figure 6:5) suggests a 
period of marine sedimentation in the southwestern portion of the basin. Slightly thinner occurrences 
(150-200 m) in the Boorthanna Trough (Figure 6:3) may be indicative of a lesser time of marine 
sedimentation due to a shallower sea or differing rates of deposition. Scheffler et al. (2003) indicated 
that the climate during the early Sakmarian was subject to rapid change such as a rapid shift in 
temperature, which may be evidenced by the alternating sandstone and shale succession of the Stuart 
Range Formation that is reported in drill logs (Townsend and Ludbrook 1975). It is also possible that 
fault movement further deepened the existing depocentres such as the Boorthanna Trough. The 
absence of late Palaeozoic marine sedimentary rocks in the Nadda, Springfield, Cooper and Pedirka 
basins (Figure 6:5) suggests that the marine incursion did not cross the Gawler Craton Highlands or 
extend beyond the northern margins of the Arckaringa Basin (Figure 6:5). 
It is difficult to hypothesise the direction of the regression due to lack of directional sedimentary 
structures in exposures. Based on seismic studies, Wilmot (1987) suggested that the regression was 
bi-directional to the southeast and southwest in the southern parts of the Boorthanna Trough. The 
Gawler Craton Highlands that extend from the east of the Arckaringa Basin and continue south to the 
southern coastline are likely to have prevented the regression in any other direction other than south 
to southwest (Figure 6:5), therefore it is likely that the regression was multidirectional and the 
shoreline stretched across much of the modern coastline (Figure 6:5). The absence of Mount Toondina 
Formation equivalent sedimentary rocks in the Polda Basin and Troubridge Basin (Alley et al. 1995) 






Figure 6:5 a) Palaeogeographic reconstruction of the maximum marine transgression that occurred during the Early Permian 
(early Sakmarian). Model is based on field observations (this study), Crowell and Frakes (1971a), Alley et al. (1995), Rogers et 
al. (1996b), Rogers (2000), Veevers (2006), Menpes (2013). 
Previously proposed reconstructions mostly imply the sea covered most of the continent without 
explaining the role of the highlands such as the Central Australian, Eastern-central Australian, and 
western Gawler Craton highlands during this time (Crowell and Frakes 1971a, 1971b, Caputo and 
Crowell 1982, Alley and Bourman 1995). The sedimentary rocks of the Stuart Range Formation and 
other correlative late Palaeozoic marine sedimentary rocks are generally indicative of a quiet, cold-
water, restricted marine environment with some periods of lagoonal conditions (Alley et al. 1995, 
Rogers et al. 1996b). Ludbrook (1967, 1967) observed foraminifera within the rocks of the Stuart Range 
Formation that supported a restricted marine environment. Sedimentary rocks in the Pedirka and 




age and depositional conditions (Alley et al. 1995, Rogers et al. 1996b) as the upper Stuart Range 
Formation, however foraminiferal evidence suggests these are freshwater sedimentary rocks and have 
been interpreted to have been deposited in fluvial and alluvial fan conditions (Alley et al. 1995). These 
conditions are most likely a remnant of the waters released by alpine glacial systems in the highlands 
and indicate fluvial sediment transport off the highlands into the surrounding low-lying areas (Figure 
6:5). Evidence of freshwater and/or fluvial sediment input is not recognised within the Arckaringa 
Basin. It is possible that the Gawler Craton Highlands were a series of islands during the maximum 
marine transgression, however, given that the marine conditions were shallow and restricted it is 
unlikely that this was the case. The shallow marine environment along with the absence of marine 
sedimentary rocks in the highlands suggests that the marine transgression did not cover the highlands. 
However, it is likely that the shoreline was very close if not in contact with the topographically lower 
parts of the Gawler Craton Highlands, which may also be the case for the Central Australian (Figure 
6:5).  
6.3.3 Freshwater conditions  
Sedimentary rocks deposited during freshwater conditions are restricted to northern basins of South 
Australia and dominant only in the Arckaringa Basin (Figure 6:6). The mechanism for initiation of the 
marine regression and subsequent freshwater conditions during the Early Permian is largely unknown. 
Isostatic recovery of the continental crust after the compressional influence of the icesheet was 
removed may have initiated in the marine regression (Crowell and Frakes 1971a, Alley et al. 1995, 
Veevers 2006). Alternatively, Alley et al. (1995) suggested that the regression may have been caused 
by widespread eustatic fall. As the marine transgression was shallow and quiet with no significant 
change in depth or conditions, it is difficult to ascertain when the sedimentation regime changed from 
transgressive to regressive. Additionally, no sharp boundary from marine shale to freshwater fluvial 
sedimentary rocks is observed in the Arckaringa Basin, implying the change from marine to freshwater 
conditions was gradual. The gradual change in conditions favours post-glacial isostatic rebound as a 
mechanism for the change as this is a slow process that would allow for a gradual change in 
sedimentation. It is likely that the Troubridge Basin was inundated by the still regressing marine 
waters, as no sedimentary rocks indicating a freshwater environment have been observed in the basin.  
The sedimentary rocks of the middle Mount Toondina Formation as seen at Box Creek are 
representative of a fluvial system active in the waning stages of the marine regression. These 
sedimentary rocks predominately consist of sand beds with occasional clay beds. The sand beds are 
suggested to have been deposited by subaqueous fans, and the clay beds were deposited during 
intermittent periods of quieter, lower energy fluvial flows (Wilmot 1987). Fluvial conditions became 
increasingly dominant and fluvial channels developed. In the southern Boorthanna Trough channels 
flowed in southerly and southwesterly directions.  
The upper Mount Toondina Formation thickens in the northern Boorthanna Trough and is absent in 
the western margins of the basin (Chapter 3, Figure 3:3). This is likely due to the concentration of 
freshwater sedimentation in the main depocentres of the Arckaringa Basin, and are also indicated by 
the concentration of the major coal occurrences (Figure 6:6). The freshwater most likely flowed into 
the depocentres from the higher basin centre and from the surrounding highlands creating intricate 
fluvial systems with floodplains and lakes in the low-lying areas and swampy floodplains (Figure 6:6). 
Like the marine regression, the freshwater deposition is likely to have been multidirectional (Figure 




occurrences in the Cooper, Pedirka and Denman basins indicate similar depositional conditions. It is 
likely that these freshwater alternating fluvial and lacustrine environments were restricted to the 
larger, northern basins due to the freshwater flowing into the basins from the melting valley glacier 
systems. 
 
Figure 6:6 a) Palaeogeographic reconstruction of the transition from marine regression to freshwater environment that 
occurred during the Early Permian (Sakmarian to ?Artinskian). Data complied based on field observations and information 
provided in Crowell and Frakes (1971a), Alley et al. (1995), Rogers et al. (1996b), Rogers (2000), Veevers (2006), Menpes 
(2013). 
6.4 Conclusions 
The late Palaeozoic glaciation in South Australia consisted of two types of glaciation: alpine and 
continental. Alpine glaciers occupied areas including the Gawler Craton Highlands and Central Australia 
Highlands (now Musgrave Province). Valley glaciers were part of the alpine glaciation, and likely flowed 
from topographic highs to the basin margins. The continental icesheet spread rapidly north from 
Antarctica into central South Australia. Sedimentary rocks deposited by the valley glaciers are 




via high energy meltwater streams that typically resulted in diamictite and coarse-grained sandstone 
deposits. The westerly orientation of the diamictite units in the Boorthanna Trough suggests that the 
valley glaciers that deposited these sedimentary rocks originated in the Gawler Craton Highlands that 
border the eastern margin of the Arckaringa Basin.  
The advance of the continental icesheet is best recorded in the Troubridge Basin where units one to 
three of the Cape Jervis Formation preserve the glacial conditions of the icesheet. These units suggest 
that ice tongue glaciers preceded the continental icesheet prior to the ice stagnating. The ice tongue 
glaciers widened and deepened existing valleys and eroded sedimentary rocks, exposing the bedrock. 
The icesheet then scoured and polished the exposed bedrock and deposited diamictite with typically 
locally-derived clasts. The icesheet slowed as it moved northward so that the ice that occupied the 
Troubridge Basin stagnated, causing the formation of glacial lakes between the ice and the 
palaeoshoreline. The glacial lakes and meltwater streams from the icesheet facilitated deposition of 
the alternating clay and sand beds of unit three of the Cape Jervis Formation. The icesheet did not 
reach the Arckaringa Basin. Reworked, fluvially-deposited diamictites suggest that ice tongue glaciers 
may have moved into the Arckaringa Basin from the south.  
The ice rapidly retreated from central South Australia; this is recorded in the Troubridge Basin in 
sedimentary rocks of unit four of the Cape Jervis Formation. Diamictite units with typically rounded 
clasts interbedded with sand beds signify an ice mass that was quickly decaying, periodically releasing 
debris into the surrounding environment. As the ice continued to retreat and decay, associated sea 
level rises covered the Troubridge Basin in a deepening marine environment which resulted in the 
deposition of unit five of the Cape Jervis Formation. There is no evidence of the rapid retreat of the 
icesheet recorded in other late Palaeozoic basins of South Australia. However, the rapid decay of valley 
glaciers is recorded in the sandstone units in the Boorthanna Trough, Arckaringa Basin. The timing of 
the retreat of the valley glaciers is not clearly understood although it is likely to have occurred 
simultaneously with the retreat of the icesheet. 
Following the glacial retreat, much of South Australia was inundated by a transgressing sea. It is 
suggested that the incursion began in Western Australia and when at a maximum completely covered 
the Arckaringa and Troubridge basins. This incursion is recorded in the sedimentary rocks of the Stuart 
Range Formation of the Arckaringa Basin and its equivalents in the Polda and Denman basins. These 
sedimentary rocks are restricted to the subsurface, making accurate reconstructions difficult.  
Once the sea waters retreated to the south, potentially covering the Troubridge Basin, freshwater 
conditions prevailed in the north of South Australia. This transition is recorded in the lower and middle 
Mount Toondina Formation. The marine regression was likely bi-directional to the southeast and 
southwest. Regressive marine sedimentary rocks interbedded with increasingly fluvial sedimentary 
rocks suggest that freshwater streams were active during the waning stags of the regression. As the 
fluvial conditions became dominant fluvial channels developed. Evidence of the south to 
southwesterly flowing fluvial channels is preserved in the upper Mount Toondina Formation in the 
southern Boorthanna Trough.  
The Mount Toondina Formation in the northern Boorthanna Trough is a record of alternating fluvial 
and lacustrine environments in which coal swamps intermittently formed. Freshwater streams likely 
flowed into the middle of the basin from the topographically higher margins and the surrounding 





Chapter 7: Conclusions 
This study involved characterising the late Palaeozoic glacigene sedimentary rocks of the Troubridge 
and Arckaringa Basin with the aim of reconstructing the palaeogeography of South Australia during 
the late Palaeozoic and establishing background geochemistry to enable effective use of the glacigene 
sedimentary rocks as mineral exploration sampling media. The methods used were sedimentology, U-
Pb isotopic zircon geochronology and whole rock geochemistry. The palaeogeographic reconstructions 
are an amalgamation of the existing depositional models and reconstructions, and new data to provide 
a holistic palaeogeographic reconstruction of South Australia. 
The sedimentology of the glacigene units, particularly the diamictite units of the late Palaeozoic 
glacigene sedimentary rocks of the Troubridge (lower Cape Jervis Formation) and Arckaringa 
(Boorthanna Formation) basins can be used to assess the depositional setting and feed into 
development of palaeogeographic reconstructions that depict the Permo-Carboniferous glacial 
environment throughout South Australia. Clast composition, size and shape are indicative of the glacial 
setting. Diamictite units deposited by an advancing icesheet will have angular, locally-derived clasts, 
and are observed throughout the Troubridge Basin and into the southern Arckaringa Basin. Diamictite 
units with rounded to angular, locally-derived clasts were deposited by an ice tongue, and are observed 
in the southern Arckaringa Basin. Diamictite units with subrounded to rounded clasts with both locally- 
and distally-derived clasts were deposited by valley glaciers, and are observed throughout the eastern 
and western Troubridge Basin and the eastern margin of the Arckaringa Basin.  
Alternating clay and sandstone with lesser diamictite beds in the middle Cape Jervis Formation are 
indicative of an ice mass that has stagnated, forming glacial lakes that are fed by meltwater streams 
with alternating energy and sediment load due to the periodic melting of the ice mass. Similar 
depositional settings are indicated in the lower Boorthanna Formation. The increasing frequency of 
diamictite beds up-sequence is indicative of the rapid retreat and melting of the ice mass. These 
sedimentary rocks are overlain by shallow marine sedimentary rocks in the Troubridge Basin. These 
are indicative of the marine transgression initiated by the melting and retreat of the ice mass. The 
alternating clay and silt beds with minor carbonaceous occurrences in the Arckaringa Basin are 
indicative of the transition to fluviolacustrine environment that followed the marine transgression and 
subsequent regression. The fluvial to fluviolacustrine transition is due to the post-glacial isostatic 
rebound changing the dynamics of the landscape. 
The Cape Jervis Formation and the Boorthanna Formation are equivalent units which comprise 
diamictite units deposited via the action of an icesheet and valley or ice tongue glaciers. Palynological 
(Ludbrook 1969b, Townsend and Ludbrook 1975) evidence suggests that both units were deposited in 
the Sakmarian (295 – 290 Ma). The extent and nature of these diamictite units was used to model the 
extent and location of icesheets, ice tongues and valley glaciers during the glacial maximum.  
Following the glaciation, the depositional environment between the Arckaringa and Troubridge basins 
became variable. The marine transgression reached its maximum in the north of South Australia, 
including in the Arckaringa Basin, while the Troubridge Basin was covered in ice. Following the marine 
regression in the north a terrestrial, freshwater environment dominated, while the Troubridge Basin 




Despite the capacity for a glacier to move debris long distances, there is no requirement to seek source 
regions outside of the proximal Kanmantoo Group, the Transantarctic Mountains of Antarctica in the 
Troubridge Basin and the Gawler Craton and Adelaide Rift Complex in the Arckaringa Basin as a sourced 
of the glacigene sedimentary rocks. The provenance of the late Palaeozoic glacigene sedimentary rocks 
has previously been inferred from clast lithology and apparent ice movement directions (Crowell and 
Frakes 1971a, Alley et al. 1995, Veevers 2006). Here, this interpretation is further refined here using 
U-Pb isotopic zircon geochronology. The detrital zircon populations of the Troubridge Basin closely 
match the detrital populations of the Kanmantoo Group, in particular the prominent ca 570 Ma peak. 
Other possible sources in the Transantarctic Mountains have more prominent populations between ca 
900 to 1200 Ma and ca 1700 to 1900 Ma. The Boorthanna Formation has prominent populations from 
ca 500 to 600 Ma, ca 900 to 1200 Ma and ca 1700 to 1900 Ma. There are multiple potential source 
regions for these sedimentary rocks including the Adelaide Rift Complex, Gawler Craton, Transantarctic 
Mountains, Arunta Region and the Musgrave Province. The ca 500 to 600 Ma population closely 
matches the pattern of the Cape Jervis Formation and the Kanmantoo Group, there are no populations 
of this age in the Gawler Craton, Adelaide Rift Complex, Musgrave Province and the Arunta Region. 
The ca 500 to 600 Ma peak in the Transantarctic Mountains have a younger mode at ca 510 Ma. Thus 
the preferred interpretation of the provenance of the Boorthanna Formation is a combination of 
Adelaide Rift Complex, Gawler Craton from the proximal Peake and Denison Ranges and the 
Kanmantoo Group, the nearest exposure of which is approximately 800 km to the south.  
Detailed geochemical analysis of the late Palaeozoic sedimentary rocks was used to further interpret 
the depositional processes and effects of post-depositional weathering. The whole rock geochemistry 
of the glacigene sedimentary rocks of the Troubridge and Arckaringa basins can be interpreted as a 
combination of source rock geochemistry, depositional and weathering processes: 
- The geochemistry of the source rocks. This is best seen in the minimally weathered clay 
and silt sedimentary rocks. The geochemistry of these rocks is similar to PAAS and likely 
source rocks of the Kanmantoo Group.  
- The depositional setting of the glacigene sedimentary rocks. This is best seen in SiO2:Al2O3 
ratios with high silica end members representing sand-rich lithologies and high Al content 
representing clay-rich lithologies. The high Al end members include clay matrix diamictites 
which are most likely the result of glacial deposition (rock flour + clasts). At the silica-rich 
end represent lithologies where fluvial processes removed the fine-grained clay-rich 
component.  
- The types of post-depositional weathering the sedimentary rocks have undergone. These 
include calcareous weathering (carbonate, sulphate and dolomite), ferruginous (and 
magniferous) weathering and kaolinitic weathering.  
Trace element concentrations are low. The trace element geochemical signature is largely controlled 
by the clay mineral component and to a lesser extent the Fe-oxide mineral component of the 
sedimentary rocks. After normalisation against Al+Fe, elevated, normalised Cu concentrations occurred 





The data presented here are consistent with a palaeogeographic reconstructions involving three 
stages; 1. Glacial advance; 2. Glacial retreat and marine transgression and 3. Post-glacial isostatic 
rebound and transition to fluviolacustrine conditions. 
During the glacial maximum the South Australian landscape was dominated by 2 types of glaciation: 
continental and alpine. The continental icesheet spread rapidly north from Antarctica into central 
South Australia. Ice tongues at the front of the icesheet scoured, eroded and polished the exposed 
landscape, forming U-shaped valleys and polished, glaciated pavements. Alpine glaciers of which valley 
glaciers were part of occupied the highlands and the valley glaciers transported debris into the low-
lying depocentres. The icesheet rapidly melted and retreated from northern South Australia and 
slowed as it moved south continuing to melt and shed debris into the Troubridge Basin. The retreat of 
the ice mass from northern South Australia opened a westerly seaway where the marine transgression 
originated. The maximum marine transgression covered most of South Australia west of the Gawler 
Craton Highlands. The marine waters retreated to the south, possibly continuing to cover the 
Troubridge Basin, in the north of South Australia freshwater conditions prevailed. Regressive marine 
sedimentary rocks interbedded with increasingly fluvial sedimentary rocks suggest that freshwater 
streams were active during the waning stages of the regression. The resulting terrestrial environment 
consisted of an alternating fluvial and lacustrine environment with intermittent formation of coal 
swamps. 
The glaciated terrane of Myggbukta, eastern Greenland (Figures 1:1, 7:1a, b) is comparable to the 
maximum glaciation of late Palaeozoic South Australia. As the icesheet moved north into South 
Australia, ice tongues at the front of the ice-scoured large U-shaped valleys. This is occurring to the 
east and west of Myggbukta where the ice tongue is advancing into the ocean (Figures 7:1a, b). The 
valley glacier of late Palaeozoic South Australia would have been similar to the valley glaciers in the 
coastal highlands of Myggbukta. Glacial lakes forming between the shoreline and glaciers along the ice 
margins (Figures 7:1a, b) as the ice melt and retreat and the diverse fluvial sediment flow directions 
are analogous with the depositional setting of where the ice was stagnant and melting. The varying 
size and location of these lakes is reflective of the glacial lakes sedimentary rocks in the Troubridge 
Basin. 
The post-glacial landscape of Hudson Bay, Canada in relation to glaciated terrane of Greenland (Figure 
7:1c) demonstrates some of the proposed depositional settings of South Australia during the marine 
transgression and subsequent freshwater conditions. The deglaciation of the Greenland ice mass and 
its retreat towards the North Pole is a modern analogy of the maximum marine transgression. The 
increase in water supply into the ocean is causing a sea level rise which could potentially cause the 
inundation of the surrounding land mass. The meltwater input from the west of Greenland and east of 
Baffin Island (Figure 7:1c) is similar to the input of meltwater into the Arckaringa Basin as the marine 
transition occurred. The transition from marine to fluvial conditions is comparable to the margins of 
Hudson Bay (Figure 7:1c) where marine transgression followed the northward retreat of the icesheet. 
Subsequent post-glacial isostatic uplift has resulted transition to fluviolacustrine conditions and 







Figure 7:1 (a) Planar view and (b) tilted view of the modern glaciated terrane in eastern Greenland showing the interaction 
of ice masses and the surrounding landscape; (c) The post-glacial landscape of Hudson Bay, Canada. Palaeoshoreline adapted 
from Shilts (1986), stranding of the palaeoshoreline is evident by the lighter colour seen in islands in the northwest of the bay 




Future Work  
Throughout the duration of this research project, many additional questions have arisen from the 
founding research aims and objectives. These include: 
• What are the primary and secondary clay minerals within the matrix of the diamictite and 
sandstone units? 
• What is the source of the primary clay minerals and do the primary clay minerals provide an 
indication of provenance? 
• Are there any differences in the grain morphology between the rocks of differing depositional 
settings?  
• Would performing U-Pb isotope provenance studies on the clasts within the glacigene 
sediments as well as the assumed source rocks provide more evidence for source rocks? 
• Would the U-Pb isotopic provenance spectra of glacigene sediments from other southern 
Australian late Palaeozoic exposures show similar results? ie a strong local source with lesser 
distal source input.  
• Would a more detailed palynological study better constrain the age of the sediments as well 
as provide another constraint on the depositional setting? 
• Does assessing the geochemical background of late Palaeozoic glacigene sediments work in a 
known mineralised region such as the Bendigo region of Victoria?  
• Are the unique characteristics identified in Chapters 2 and 3 applicable to other late Palaeozoic 
glacigene rocks elsewhere in Australia? 
• Can the criteria use to generate the palaeogeographic reconstructions be applied to extend 
the reconstruction across southern Australia or further? 
These points cannot be answered in the scope of the present study, it is the author’s wish to continue 
to publish material concerning the sedimentology and mineralogy, the provenance and potential 
source rocks, the lithogeochemistry of late Palaeozoic glacigene rocks and the palaeogeographic 
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Appendix 1: Detailed descriptions of measured 
sections in the Troubridge Basin 
Hallett Cove section 
The northernmost known occurrence of the Cape Jervis Formation on the Fleurieu Peninsula is in the 
coastal cliffs of Hallett Cove (Figures 2:1, 2.4a). The area is host to a well-preserved exposure of Cape 
Jervis Formation and the underlying glaciated pavements. The section investigated is begins at the 
edge of the shore platform and is exposed in a 30m interval in the incised gullies of Sugarloaf Creek 
(Figure 2:4a).  
The basement rocks within the Hallett Cove area dominantly comprise Neoproterozoic Wilpena Group 
sedimentary rocks. These sedimentary rocks are well preserved as a glaciated pavement, which is best 
exposed at the top of Black Cliff, north of Sugarloaf Creek (Figure 2:5a). The glaciated pavement has 
been polished and striated and preserves chatter marks and grooves (Figure 2:5a). Bourman and Alley 
(1990) calculated a northwesterly ice movement direction using measurements of the striae and till 
fabric studies. There is no exposed glacial bedrock pavement at the base of the measured section, at 
Sugarloaf Creek, however, diamictites overlie polished pavement at Black Cliff (Figure 2:5b).  
The lowermost 2 metres of the Sugarloaf Creek section consists of diamictite that is exposed on the 
shore platform and in the mouth of the creek. The diamictite has been assigned to unit two of the Cape 
Jervis Formation (Bourman and Alley 1990). Clasts comprise up to 70% of the whole rock, range from 
1 to 45 cm in size and are rounded to angular, though angular clasts are more common. Many of the 
rounded to subrounded clasts are polished, striated and faceted. The majority of clasts are locally-
derived Wilpena Group sedimentary rocks with lesser (~5%) Encounter Bay Granite clasts. The 
diamictite matrix coarsens upward from grey-green sandy clay to buff coloured coarse-grained sand 
(Figure 2:4b). The shore platform is also littered boulders and pebbles that have been eroded from the 
sedimentary rocks above and with erratics (Figure 2:5c). Larger erratics (up to five m), comprise locally-
derived shale of the Neoproterozoic basement. Smaller erratics (up to one m) also comprise largest 
Encounter Bay Granite.  
At the mouth of the Sugarloaf Creek there is an accumulation of polished, rounded and striated rocks 
that are on average greater than 50 cm in diameter (Figure 2:5d). These boulders are derived from 
diamictite units higher in the section. The top of unit two and bottom of unit three in this area is 
obscured by approximately four metres of grasses and aeolian sands (Figure 2:4b).  
Unit three in the Hallett Cove area comprises ~28 m of clay, silt and medium to coarse-grained sand 
beds with minor diamictite and pebble beds (Figures 2:4b, 2:5e to g). The lowermost ten metres of 
unit three comprises silty clay (clay with 50 to 70% silt) beds interbedded with lesser medium to coarse-
grained sand beds. The silty clay beds are pale grey with orange and red mottles and up to two metres 
thick. The sand beds are buff coloured, up to 8m thick and dominantly comprise coarse-grained quartz 
dominated, unconsolidated sand with clay mineral cement. A pebble layer (~10 cm thick) is preserved 
within this part of the section (Figure 2:4b). Pebbles make up 50% of the layer, are up to 35 cm size 
and comprise dominantly of Wilpena Group sedimentary rocks. Dropstones are also occasionally 




The dropstones deform the sediment underneath them and are draped by sediment on top (Figure 
2:5f, g).  
The silty clay beds are overlain by about seven metres of red and purple medium- to coarse-grained 
sandstone beds interbedded with occasional diamictite and clay beds (Figure 2:5e). The sandstone 
beds vary from consolidated to friable. The sandstone comprises coarse-grained, angular quartz sand 
with clay mineral cement. The diamictite beds are 0.5 to 2 m thick. The clasts comprise 40% of the 
whole rock, are angular, up to 5cm and consists mostly of Wilpena Group sedimentary rocks. The 
matrix of the diamictite is coarse- to very coarse-grained sand. A pebble lens is preserved within one 
of the lower sandstone beds (Figure 2:4b). The pebble lens is up to 50 cm thick and is dominated by 
subangular Neoproterozoic Wilpena Group sedimentary rocks.  
The red and purple sandstone dominated beds are overlain by about five metres of coarse-grained, 
buff to yellow sandstone and a thick (~50 cm) diamictite lens. The sandstone contains occasional layers 
of fine- to medium-grained, red, unconsolidated sand up to 20cm thick. These red sand beds also 
preserve red and orange Fe-oxide mottles (goethite; Figure 2:4b) and thin red laminations (Figure 
2:5e). The diamictite at the top of the sandstone comprises clasts up to 50 cm in diameter and comprise 
of Wilpena Group sediment and lesser Encounter Bay Granites. The matrix of the diamictite is a very 
coarse-grained sand. Several <1m size dropstones occur within the sandstone. The majority of the 
dropstones are between the diamictite lenses and are rounded, polished and some are striated. Some 
of the dropstones have disturbed the sedimentary rocks directly below them (Figure 2:5f). 
At the top of the exposed unit three and directly behind and including much of the Sugarloaf is 2 to 3 
m of partially consolidated, medium- to coarse-grained, yellow, bedded sandstone. The sandstone 
comprises of subrounded to rounded, coarse-grained quartz grains with clay mineral (kaolinite and 
montmorillonite) cement (Figure 2:4b). A thin (20 cm) pebble lens is preserved in the middle of the 
sandstone (Figure 2:4b). The pebbles are rounded and are all locally-derived, Wilpena Group 
sedimentary rocks and between 5 and 10 cm in diameter. Several metres of loosely consolidated 
Pliocene Hallett Cove Sandstone overlie the top of the exposed Cape Jervis Formation in this area. 
Kings Point section 
The coastal cliffs of Kings Point preserve 14 m of Cape Jervis Formation exposed in two erosional gullies 
(Figure 2:6a). Both sections unconformably overlie the Cambrian Petrel Cove Formation of the 
Kanmantoo Group (Bourman and Alley 1995). It is not clear whether the late Palaeozoic sedimentary 
rocks of the southwestern gully directly overlie the late Palaeozoic sedimentary rocks of the eastern 
gully or if some late Palaeozoic sedimentary rocks have been eroded creating a disconformity between 
the sections.  
The base of the section is exposed in the eastern erosional gully and are part of unit three (Figure 2:6b). 
Approximately 1m of dark red, massive, silty clay beds contain occasional rounded and polished, 5cm 
clasts typical of the underlying strata. Overlying the silty clay beds is 4.5 m of alternating fine-grained 
sand and silty clay beds. The fine-grained sand beds are grey-green with orange mottles of goethite 
(Figure 2:6b). The sand comprises of coarse-grained quartz with clay mineral (montmorillonite and 
kaolinite) cement. The 0.2 to 1 m thick clay beds comprise montmorillonite, kaolinite and nontonite 
(Figure 2:6b) and include rounded and polished 40 cm clasts derived from the local metasedimentary 
rocks (Figure 2:7a). Smaller (up to 20 cm) granitic clasts also occur throughout the clay beds. These are 




occasionally faceted erratics (up to five m) typical of the Encounter Bay Granite and Kanmantoo Group 
metasedimentary rocks within the gully have Cape Jervis Formation deposited against them.  
The unit four of the Cape Jervis Formation is exposed in the southwestern gully (Figure 2:6a). The unit 
comprises ~8.5 m of diamictite interbedded with sandstone. The lowermost diamictite beds are up to 
two metres thick (Figure 2:6b). Clasts comprise of 25 to 75% of the whole rock, are mostly 20 cm, can 
be up 40 cm, and are rounded to angular in shape. Rounded clasts are often polished and striated. The 
clasts are typical of Kanmantoo Group metasedimentary rocks and Encounter Bay Granite. The 
diamictite matrix coarsens upward from clay to coarse-grained sand (Figure 2:6b). The lowermost 1.5 
m of diamictite is faintly laminated with a grey clay matrix consisting of montmorillonite and kaolinite 
(Figure 2:6b). Higher in the sequence the diamictite comprises of fine-grained, friable sand. The buff 
coloured, medium-grained sandstone interbeds are up to two metres thick. Lenses of pebbles 
throughout the diamictite consist of the same lithology as the diamictite clasts. The pebbles are up to 
50 cm and are typically rounded and polished (Figure 2:7b). 
The upper four metres of sediment exposed in the southwestern gully exposes diamictite and coarse-
grained sandstone beds. The diamictite beds are up to one metre thick, and are massive with either 
coarse-grained sandstone matrix or clast-supported with minimal coarse-grained sandstone matrix. 
Clasts typical of Kanmantoo Group metasedimentary rocks and Encounter Bay Granite are rounded to 
subangular and up to 50 cm. The base of each diamictite bed is defined by a pebble bed consisting of 
clasts with the same features as the diamictite clasts. The diamictite matrix comprises 
montmorillonite, kaolinite, quartz as well as goethite and hematite (Figure 2:6b). Medium-grained 
sandstone beds and lenses are throughout the unit. The sandstone is yellow with angular to rounded, 
poorly sorted quartz with lesser rock fragments that are of the same composition as the clasts within 
the diamictite. The gully is littered with Encounter Bay Granite erratics that are up to 2.5 m, rounded 
and polished (Figure 2:7c). The Cape Jervis Formation is overlain by up to ten metres of Tertiary sands.  
Waterloo Bay section 
The Waterloo Bay section preserves approximately three metres of Cape Jervis Formation that are 
unconformably overlain by about four metres of Quaternary sedimentary rocks (Figures 2:8a, 2.9a). 
The Quaternary sedimentary rocks unconformity is well preserved and is an undulating surface.  
The Cape Jervis Formation in the Waterloo Bay section consists of bedded clay and diamictite of unit 
four overlain by massive clay of unit five. The lowermost metre of the exposed sedimentary rocks 
comprises alternating 30 to 50 cm thick silty clay and diamictite beds (Figure 2:8b). The beds are green 
in colour and dominantly comprise montmorillonite, phengite and muscovite (Figure 2:8b). Hard, red 
and orange mottles of hematite and goethite are also preserved on the surface of the silty clay beds 
(Figure 2:9b). Clasts within the diamictite are subrounded and range from <1 to 15 cm. The clast 
lithology is variable. Larger clasts (<10 cm) are typical of Encounter Bay Granite (Figure 2:9b) and 
smaller clasts are typical of locally-derived granite, sandstone and metamorphic basement and 
Kanmantoo Group metasedimentary rocks. The matrix of the diamictite beds is the same material as 
the silty clay beds and preserves the same colour and mottling and mineralogy.  
Approximately two metres of unit five overlies the interbedded clay and diamictite beds consisting of 
clay with lesser sandstone (Figure 2:8b). Clay beds are up to 50 cm thick, massive, prismatic fractured, 
and green in colour with red and orange mottles of hematite and goethite (Figure 2:9c). The fine-




Mottles in the clay decrease towards the top of the section. Larger erratics of the same lithologies as 
the clasts in the diamictites are scattered along the shore line near the section and along Waterloo 
Bay. The section is overlain by a palaeosol containing alunite and Quaternary limestone and calcrete.  
Kingscote Composite section 
The unit underlying the Cape Jervis Formation sedimentary rocks in the Bluff Quarry and Kingscote 
foreshore sections is unknown although it is interpreted that the sedimentary rocks are underlain by 
Cambrian Kanmantoo Group metasedimentary rocks as seen at other locations on the Kangaroo Island 
(Bourman and Alley 1999). The sedimentary rocks of the Bluff Quarry section comprise interbedded 
silty clay, diamictite and sandstone (Figure 2:10b). The silty clay beds are 0.5 to 3 m thick (Figure 2:10b), 
and comprise grey-green, bedded, clay (kaolinite) with some thin (<0.1 cm) beds of goethite (Figure 
2:11a). Diamictite beds are up to one metre thick (Figure 2:10b). Clasts within the diamictite are less 
than 0.5 cm size, rounded to angular, and comprise metasedimentary rocks typical of the Kanmantoo 
Group. The matrix of the diamictite is fine-grained silty sand and preserves bedding Sandstone beds 
have variable bed thickness and grain size. The lowermost sandstone has bedding preserved by hard, 
pink, medium- to coarse-grained sandstone beds (Figure 2:11c). More commonly, the sandstone is 
fine- to coarse-grained, with subrounded to rounded quartz (Figure 2:11b) with clay mineral (kaolinite 
and montmorillonite) cement. Planar and trough cross-bedding occurs sporadically throughout the 
section (Figure 2:11d) although it is typically poorly-preserved (Figure 2:10b). The uppermost 
sandstone in the Bluff Quarry section is a fine- to coarse-grained, upward coarsening buff coloured 
sandstone that is ~40 cm thickness. The section is overlain by Jurassic Wisanger Basalt (Figure 2:11a).  
The Cape Jervis Formation sedimentary rocks exposed in the coastal cliffs near the Kingscote Warf 
(Figure 2:10a) are a sequence of clay to sandstone beds (Figure 2:11e). The lowermost 3m are 
dominated by silty to fine-grained sandstone beds (Figure 2:10b) with kaolinite and gypsum cement 
(Figure 2:10b). Approximately three metres of buff coloured, massive clay overlie the indurated 
sandstone (Figure 2:11f). The base of this clay has prismatic fractures and orange mottles (Figure 2:11g) 
are throughout the clay unit. The uppermost three metres of the section consists of fine-grained 
sandstone. The sandstone is yellow with purple and orange (hematite and goethite) mottles. This unit 























z39-1 2.2237 0.0224 0.1184 0.0012 2.2237 0.0224 2180.40 17.58 721.20 6.84 
z40-1 2.2148 0.0359 0.1090 0.0013 2.2148 0.0359 2315.40 29.68 667.10 7.80 
z41-1 1.7927 0.0183 0.1334 0.0013 1.7927 0.0183 1576.70 19.33 807.10 7.57 
z42-1 0.7446 0.0079 0.0743 0.0007 0.7446 0.0079 1006.40 21.82 461.80 4.47 
z43-1 1.1908 0.0124 0.0905 0.0009 1.1908 0.0124 1537.40 19.86 558.30 5.36 
z44-1 0.8495 0.0088 0.0799 0.0008 0.8495 0.0088 1125.00 20.97 495.30 4.76 
z45-1 2.4350 0.0244 0.0627 0.0006 2.4350 0.0244 3373.60 15.86 391.70 3.79 
z46-1 2.5879 0.0272 0.1984 0.0020 2.5879 0.0272 1520.80 20.09 1166.50 10.72 
z47-1 1.3923 0.0142 0.1157 0.0012 1.3923 0.0142 1366.40 19.81 705.90 6.66 
z48-1 1.0434 0.0108 0.0539 0.0005 1.0434 0.0108 2231.10 18.25 338.60 3.31 
z49-1 2.4506 0.0245 0.0954 0.0010 2.4506 0.0245 2710.80 16.68 587.10 5.58 
z50-1 0.8127 0.0092 0.0975 0.0010 0.8127 0.0092 619.60 24.80 599.90 5.79 
z51-1 2.9353 0.0296 0.1921 0.0019 2.9353 0.0296 1813.10 18.49 1132.70 10.36 
z52-1 0.8781 0.0108 0.1051 0.0011 0.8781 0.0108 624.80 27.08 644.30 6.30 
z53-1 144.72 3.2608 1.5017 0.0357 144.72 3.2608 4728.60 28.97 5911.20 92.05 
z54-1 1.7420 0.0178 0.1545 0.0015 1.7420 0.0178 1240.80 20.25 925.90 8.61 
z56-1 2.2193 0.0220 0.0903 0.0009 2.2193 0.0220 2637.30 16.60 557.10 5.31 
z57-1 1.4485 0.0151 0.1485 0.0015 1.4485 0.0151 950.10 21.55 892.50 8.34 
z58-1 3.0749 0.0437 0.1771 0.0020 3.0749 0.0437 2042.10 26.33 1051.00 11.01 
z59-1 1.7667 0.0181 0.1587 0.0016 1.7667 0.0181 1215.20 20.41 949.60 8.82 
z60-1 1.5695 0.0162 0.1566 0.0016 1.5695 0.0162 1005.20 21.13 938.00 8.72 
z61-1 1.4364 0.0148 0.1276 0.0013 1.4364 0.0148 1238.10 20.42 773.90 7.31 
z62-1 1.8137 0.0186 0.1754 0.0018 1.8137 0.0186 1069.20 20.68 1041.70 9.62 
z63-1 27.406 0.2769 0.6668 0.0067 27.406 0.2769 3460.60 15.77 3293.70 26.02 
z64-1 3.1201 0.0312 0.1081 0.0011 3.1201 0.0312 2900.60 16.35 661.80 6.28 
z65-1 2.2814 0.0228 0.0878 0.0009 2.2814 0.0228 2730.10 16.57 542.20 5.19 
z66-1 0.8003 0.0086 0.0983 0.0010 0.8003 0.0086 570.50 23.59 604.10 5.80 
z67-1 12.221 0.1239 0.4836 0.0049 12.221 0.1239 2683.20 16.89 2542.90 21.13 
z68-1 0.8586 0.0092 0.0917 0.0009 0.8586 0.0092 865.50 22.41 565.80 5.45 
z69-1 1.6651 0.0497 0.0658 0.0013 1.6651 0.0497 2685.50 55.22 410.80 7.99 
z70-1 1.7443 0.0204 0.1646 0.0017 1.7443 0.0204 1118.20 23.75 982.20 9.37 
z71-1 7.2576 0.0775 0.1830 0.0019 7.2576 0.0775 3404.80 16.94 1083.50 10.46 
z72-1 1.0084 0.0119 0.1133 0.0012 1.0084 0.0119 760.50 25.07 691.70 6.78 
z73-1 1.2178 0.0125 0.1082 0.0011 1.2178 0.0125 1237.50 20.08 662.10 6.36 
z74-1 2.2540 0.0236 0.2096 0.0021 2.2540 0.0236 1146.70 20.72 1226.80 11.33 
z75-1 1.2536 0.0143 0.1235 0.0013 1.2536 0.0143 1031.70 22.93 750.50 7.30 
z76-1 2.1160 0.0215 0.1490 0.0015 2.1160 0.0215 1678.80 18.63 895.40 8.43 
z77-1 0.7607 0.0080 0.0823 0.0008 0.7607 0.0080 840.00 21.87 509.60 4.96 
z78-1 3.1298 0.0315 0.0811 0.0008 3.1298 0.0315 3363.50 15.64 502.40 4.88 
z79-1 2.0247 0.0254 0.0885 0.0010 2.0247 0.0254 2517.40 22.04 546.60 5.78 
z80-1 3.9408 0.0417 0.1132 0.0012 3.9408 0.0417 3200.50 16.97 691.40 6.80 
z81-1 1.6718 0.0170 0.0939 0.0010 1.6718 0.0170 2086.40 17.77 578.70 5.66 
z82-1 1.3480 0.0148 0.1188 0.0012 1.3480 0.0148 1253.20 21.19 723.70 7.08 
z83-1 7.8661 0.0803 0.4145 0.0043 7.8661 0.0803 2198.30 17.56 2235.60 19.39 
z84-1 6.6808 0.0768 0.3285 0.0035 6.6808 0.0768 2317.70 19.93 1831.30 17.15 
z85-1 9.8403 0.1014 0.4515 0.0047 9.8403 0.1014 2435.90 17.32 2402.00 20.70 
z86-1 0.8840 0.0100 0.0965 0.0010 0.8840 0.0100 820.60 23.60 594.10 5.88 
z87-1 1.6550 0.0165 0.0609 0.0006 1.6550 0.0165 2802.40 16.16 381.20 3.77 
z88-1 1.5442 0.0156 0.1624 0.0017 1.5442 0.0156 899.10 20.57 969.90 9.16 
z89-1 0.8394 0.0088 0.0999 0.0010 0.8394 0.0088 638.20 22.29 613.80 5.98 
z90-1 0.8008 0.0090 0.0986 0.0010 0.8008 0.0090 564.60 24.51 606.20 5.98 
z91-1 0.9047 0.0110 0.0902 0.0010 0.9047 0.0110 1006.90 24.68 556.70 5.63 
z92-1 1.1447 0.0119 0.0636 0.0007 1.1447 0.0119 2106.60 17.94 397.20 3.96 
z93-1 1.7089 0.0185 0.1543 0.0016 1.7089 0.0185 1205.00 21.04 925.00 8.91 
z94-1 2.0677 0.0216 0.1348 0.0014 2.0677 0.0216 1819.40 18.57 815.40 7.87 
z95-1 2.4638 0.0254 0.0681 0.0007 2.4638 0.0254 3261.00 15.87 424.70 4.22 
z96-1 1.6507 0.0178 0.1527 0.0016 1.6507 0.0178 1156.70 20.99 916.20 8.81 
z97-1 0.7744 0.0099 0.0910 0.0010 0.7744 0.0099 663.40 27.51 561.70 5.71 
z98-1 1.6647 0.0177 0.1324 0.0014 1.6647 0.0177 1450.40 19.85 801.50 7.76 
z99-1 2.0849 0.0224 0.1445 0.0015 2.0849 0.0224 1708.40 19.54 869.90 8.42 
z100-1 1.6948 0.0176 0.0714 0.0007 1.6948 0.0176 2579.50 17.02 444.40 4.41 
z101-1 0.7727 0.0088 0.0927 0.0010 0.7727 0.0088 620.30 24.74 571.60 5.61 
z102-1 0.6802 0.0076 0.0831 0.0009 0.6802 0.0076 582.40 24.13 514.40 5.04 
z103-1 0.8119 0.0092 0.0831 0.0009 0.8119 0.0092 954.60 23.37 514.60 5.08 
z104-1 1.2105 0.0129 0.1268 0.0013 1.2105 0.0129 907.50 21.96 769.30 7.37 




















z106-1 1.2014 0.0132 0.1077 0.0011 1.2014 0.0132 1219.40 21.67 659.60 6.42 
z107-1 0.7848 0.0107 0.0950 0.0010 0.7848 0.0107 601.80 29.87 585.00 5.93 
z108-1 5.0593 0.0511 0.2308 0.0023 5.0593 0.0511 2446.10 16.99 1338.40 12.19 
z109-1 8.1936 0.0849 0.4101 0.0042 8.1936 0.0849 2287.60 17.78 2215.20 19.09 
z110-1 2.0653 0.0214 0.1354 0.0014 2.0653 0.0214 1810.50 18.77 818.70 7.79 
z111-1 8.6500 0.0889 0.3529 0.0036 8.6500 0.0889 2632.60 16.80 1948.50 17.19 
z112-1 1.5117 0.0175 0.1103 0.0012 1.5117 0.0175 1613.20 21.66 674.60 6.72 
z113-1 0.7358 0.0082 0.0902 0.0009 0.7358 0.0082 573.60 23.84 556.80 5.49 
z114-1 0.7850 0.0089 0.0940 0.0010 0.7850 0.0089 624.50 24.13 579.20 5.72 
z115-1 1.7365 0.0191 0.1709 0.0018 1.7365 0.0191 1033.60 21.75 1017.10 9.71 
z116-1 0.7835 0.0083 0.0772 0.0008 0.7835 0.0083 1032.20 21.18 479.20 4.73 
z117-1 2.2505 0.0257 0.1897 0.0020 2.2505 0.0257 1339.40 22.06 1119.90 10.73 
z118-1 1.1412 0.0123 0.1149 0.0012 1.1412 0.0123 988.00 21.89 700.90 6.82 
z119-1 21.3979 0.2207 0.6982 0.0072 21.3979 0.2207 2997.70 16.30 3413.90 27.18 
z120-1 1.9823 0.0215 0.1767 0.0018 1.9823 0.0215 1230.70 21.02 1049.00 9.97 
 
Spot No. Preferred age (Ma) Error ± (Ma) rho Conc. 
z01-1 2792.20 16.83 0.99 82 
z02-1 662.60 6.21 0.94 99 
z03-1 594.00 5.60 0.93 107 
z04-1 3049.70 93.75 0.70 13 
z05-1 583.00 5.66 0.83 80 
z06-1 607.80 5.69 0.98 46 
z07-1 590.70 5.66 0.85 112 
z08-1 554.60 5.28 0.89 104 
z09-1 2359.80 17.47 0.99 21 
z10-1 1639.40 22.54 0.87 62 
z11-1 577.90 5.60 0.93 57 
z12-1 2822.30 16.37 1.00 35 
z13-1 610.00 6.04 0.83 81 
z14-1 1786.60 21.29 0.91 25 
z15-1 597.20 5.79 0.91 102 
z16-1 662.60 7.17 0.65 86 
z17-1 1129.90 10.55 0.92 97 
z18-1 902.70 8.48 0.96 76 
z19-1 1986.60 18.84 0.97 22 
z20-1 3067.60 15.95 1.00 76 
z21-1 2944.60 16.16 1.00 52 
z22-1 603.60 6.05 0.81 87 
z23-1 2761.00 16.44 1.00 41 
z24-1 627.50 6.17 0.86 110 
z25-1 586.20 5.77 0.87 101 
z26-1 747.80 7.16 0.95 87 
z27-1 869.00 8.27 0.96 68 
z28-1 2764.90 16.58 1.00 100 
z29-1 969.30 9.09 0.98 96 
z30-1 577.90 5.62 0.93 86 
z31-1 564.30 5.59 0.85 62 
z32-1 2238.60 17.91 0.98 92 
z33-1 667.00 6.40 0.95 66 
z34-1 3417.40 15.80 0.99 24 
z35-1 582.60 5.70 0.87 90 
z36-1 1936.00 18.50 0.98 28 
z37-1 585.10 5.95 0.75 103 
z38-1 3163.70 15.99 1.00 12 
z39-1 2180.40 17.58 1.00 33 
z40-1 2315.40 29.68 0.76 29 
z41-1 1576.70 19.33 0.98 51 
z42-1 461.80 4.47 0.94 46 
z43-1 1537.40 19.86 0.97 36 
z44-1 495.30 4.76 0.96 44 
z45-1 3373.60 15.86 1.00 12 
z46-1 1520.80 20.09 0.95 77 




Spot No. Preferred age (Ma) Error ± (Ma) rho Conc. 
z48-1 2231.10 18.25 0.97 15 
z49-1 2710.80 16.68 1.00 22 
z50-1 599.90 5.79 0.90 97 
z51-1 1813.10 18.49 0.99 62 
z52-1 644.30 6.30 0.83 103 
z53-1 4728.60 28.97 0.95 125 
z54-1 925.90 8.61 0.98 75 
z56-1 2637.30 16.60 0.99 21 
z57-1 892.50 8.34 0.96 94 
z58-1 2042.10 26.33 0.80 51 
z59-1 949.60 8.82 0.98 78 
z60-1 938.00 8.72 0.97 93 
z61-1 773.90 7.31 0.97 63 
z62-1 1041.70 9.62 0.98 97 
z63-1 3460.60 15.77 1.00 95 
z64-1 2900.60 16.35 1.00 23 
z65-1 2730.10 16.57 1.00 20 
z66-1 604.10 5.80 0.94 106 
z67-1 2683.20 16.89 0.99 95 
z68-1 565.80 5.45 0.94 65 
z69-1 2685.50 55.22 0.67 15 
z70-1 982.20 9.37 0.88 88 
z71-1 3404.80 16.94 0.98 32 
z72-1 691.70 6.78 0.87 91 
z73-1 662.10 6.36 0.98 54 
z74-1 1226.80 11.33 0.97 107 
z75-1 750.50 7.30 0.90 73 
z76-1 1678.80 18.63 0.99 53 
z77-1 509.60 4.96 0.96 61 
z78-1 3363.50 15.64 0.99 15 
z79-1 2517.40 22.04 0.88 22 
z80-1 3200.50 16.97 0.98 22 
z81-1 2086.40 17.77 1.00 28 
z82-1 723.70 7.08 0.95 58 
z83-1 2198.30 17.56 0.99 102 
z84-1 2317.70 19.93 0.93 79 
z85-1 2435.90 17.32 1.00 99 
z86-1 594.10 5.88 0.92 72 
z87-1 2802.40 16.16 0.98 14 
z88-1 969.90 9.16 0.99 108 
z89-1 613.80 5.98 0.98 96 
z90-1 606.20 5.98 0.92 107 
z91-1 556.70 5.63 0.86 55 
z92-1 2106.60 17.94 0.98 19 
z93-1 925.00 8.91 0.96 77 
z94-1 1819.40 18.57 0.99 45 
z95-1 3261.00 15.87 1.00 13 
z96-1 916.20 8.81 0.96 79 
z97-1 561.70 5.71 0.83 85 
z98-1 801.50 7.76 0.97 55 
z99-1 1708.40 19.54 0.96 51 
z100-1 2579.50 17.02 0.99 17 
z101-1 571.60 5.61 0.90 92 
z102-1 514.40 5.04 0.92 88 
z103-1 514.60 5.08 0.90 54 
z104-1 769.30 7.37 0.95 85 
z105-1 2946.20 16.27 1.00 55 
z106-1 659.60 6.42 0.93 54 
z107-1 585.00 5.93 0.78 97 
z108-1 2446.10 16.99 1.00 55 
z109-1 2287.60 17.78 0.98 97 
z110-1 1810.50 18.77 0.98 45 
z111-1 2632.60 16.80 0.99 74 
z112-1 1613.20 21.66 0.91 42 
z113-1 556.80 5.49 0.93 97 
z114-1 579.20 5.72 0.92 93 




Spot No. Preferred age (Ma) Error ± (Ma) rho Conc. 
z116-1 479.20 4.73 0.96 46 
z117-1 1119.90 10.73 0.91 84 
z118-1 700.90 6.82 0.95 71 
z119-1 2997.70 16.30 0.99 114 






Kings Point Section - unit 3 
Spot 
No. 
207Pb/235U Error  
±2 σ  
206Pb/238U Error  
±2 σ  
207Pb/235U Error  









Z01-1 0.7080 0.0129 0.0890 0.0011 0.0578 0.0011 521.00 40.10 549.30 6.30 
Z02-1 3.8260 0.0456 0.2914 0.0032 0.0953 0.0011 1533.80 21.28 1648.70 16.05 
Z03-1 0.7859 0.0093 0.0943 0.0010 0.0605 0.0007 620.20 24.01 581.10 6.07 
Z04-1 0.8284 0.0113 0.0969 0.0011 0.0621 0.0008 676.70 28.29 596.00 6.38 
Z05-1 1.0832 0.0123 0.0642 0.0007 0.1224 0.0013 1991.40 18.91 401.40 4.24 
Z06-1 1.9513 0.0236 0.1797 0.0020 0.0788 0.0009 1167.50 22.78 1065.30 10.82 
Z07-1 1.4775 0.0178 0.1459 0.0016 0.0735 0.0009 1028.20 23.07 877.90 9.02 
Z08-1 0.6928 0.0092 0.0886 0.0010 0.0567 0.0007 480.60 28.58 547.40 5.84 
Z09-1 1.1282 0.0137 0.1198 0.0013 0.0684 0.0008 879.40 23.97 729.40 7.58 
Z10-1 3.4985 0.0391 0.2688 0.0029 0.0945 0.0010 1517.70 19.70 1534.60 14.82 
Z12-1 0.8140 0.0176 0.1012 0.0013 0.0583 0.0013 541.30 47.90 621.70 7.67 
Z13-1 0.8283 0.0168 0.0991 0.0013 0.0606 0.0012 625.80 43.47 609.30 7.40 
Z14-1 1.6553 0.0272 0.1035 0.0013 0.1160 0.0019 1896.10 29.49 634.80 7.64 
Z15-1 0.7790 0.0141 0.0945 0.0012 0.0598 0.0011 595.10 39.04 582.40 6.83 
Z16-1 0.8421 0.0132 0.0900 0.0011 0.0679 0.0010 864.40 31.43 555.60 6.34 
Z17-1 0.9803 0.0238 0.1007 0.0014 0.0707 0.0018 947.30 50.16 618.30 8.22 
Z18-1 1.1049 0.0167 0.1228 0.0015 0.0653 0.0010 783.90 30.46 746.40 8.32 
Z19-1 0.8490 0.0132 0.1004 0.0012 0.0614 0.0009 652.10 32.23 616.50 6.96 
Z20-1 0.9618 0.0149 0.1021 0.0012 0.0683 0.0010 878.50 30.89 626.80 7.10 
Z21-1 0.8118 0.0119 0.0989 0.0012 0.0596 0.0009 590.40 30.60 607.90 6.74 
Z22-1 0.8209 0.0110 0.0986 0.0011 0.0605 0.0008 619.80 27.28 606.50 6.61 
Z26-1 7.7673 0.0923 0.3963 0.0045 0.1424 0.0016 2256.40 18.86 2151.80 20.71 
Z27-1 1.5529 0.0263 0.1510 0.0019 0.0747 0.0013 1061.20 33.60 906.30 10.37 
Z28-1 0.7975 0.0116 0.0964 0.0011 0.0601 0.0008 606.80 30.12 593.30 6.58 
Z29-1 0.8409 0.0137 0.0945 0.0011 0.0647 0.0010 763.70 33.60 581.80 6.65 
Z30-1 0.7962 0.0118 0.0975 0.0011 0.0593 0.0009 579.40 30.94 599.60 6.67 
Z31-1 2.3924 0.0325 0.2146 0.0025 0.0809 0.0010 1218.80 24.83 1253.40 13.47 
Z32-1 0.9725 0.0132 0.1157 0.0014 0.0610 0.0008 638.90 26.95 705.80 7.82 
Z33-1 0.8214 0.0111 0.0993 0.0012 0.0600 0.0008 604.30 26.95 610.40 6.81 
Z34-1 0.8122 0.0119 0.0972 0.0012 0.0606 0.0009 626.60 29.91 598.00 6.78 
Z35-1 3.7130 0.0451 0.2819 0.0033 0.0956 0.0011 1539.50 20.55 1601.00 16.38 
Z36-1 0.8748 0.0145 0.1034 0.0013 0.0614 0.0010 654.20 34.24 634.00 7.37 
Z37-1 4.0323 0.0495 0.2500 0.0029 0.1170 0.0013 1911.40 19.92 1438.70 14.97 
Z38-1 1.2374 0.0171 0.1391 0.0016 0.0646 0.0008 760.30 27.05 839.40 9.26 
Z39-1 0.8522 0.0145 0.0976 0.0012 0.0634 0.0011 720.50 35.15 600.30 7.06 
Z40-1 0.8235 0.0119 0.1004 0.0012 0.0595 0.0008 586.40 29.48 616.70 6.96 
Z41-1 0.9149 0.0129 0.1074 0.0013 0.0618 0.0008 668.00 28.26 657.40 7.37 
Z42-1 0.8013 0.0120 0.0964 0.0012 0.0603 0.0009 615.30 30.54 593.10 6.75 
Z43-1 13.284 0.1576 0.4446 0.0051 0.2168 0.0023 2957.00 17.02 2371.30 22.86 
Z46-1 0.8414 0.0121 0.0922 0.0011 0.0662 0.0009 813.60 28.26 568.40 6.45 
Z47-1 14.992 0.1767 0.4931 0.0057 0.2206 0.0023 2985.00 16.81 2584.10 24.45 
Z48-1 0.7292 0.0094 0.0912 0.0011 0.0580 0.0007 529.00 26.10 562.90 6.25 
Z50-1 0.8308 0.0120 0.0963 0.0011 0.0626 0.0009 695.20 28.92 592.50 6.71 
Z51-1 0.7826 0.0117 0.0956 0.0012 0.0594 0.0008 582.60 30.47 588.40 6.74 
Z52-1 0.7634 0.0128 0.0950 0.0012 0.0583 0.0010 539.80 36.03 585.20 6.88 
Z53-1 0.8064 0.0123 0.0957 0.0012 0.0611 0.0009 643.40 31.03 589.30 6.79 
Z54-1 1.3163 0.0196 0.1336 0.0016 0.0715 0.0010 971.00 28.69 808.50 9.19 
Z55-1 0.9234 0.0220 0.1026 0.0014 0.0653 0.0016 785.20 50.14 629.30 8.35 
Z56-1 0.8500 0.0137 0.1026 0.0013 0.0601 0.0009 608.60 33.35 629.30 7.32 
Z57-1 1.1034 0.0137 0.1165 0.0014 0.0687 0.0008 890.80 23.06 710.20 7.83 
Z58-1 1.1127 0.0177 0.1009 0.0013 0.0800 0.0012 1196.60 30.22 619.90 7.31 
Z60-1 0.8455 0.0152 0.1040 0.0013 0.0590 0.0010 566.40 38.00 637.90 7.60 
Z63-1 0.7189 0.0091 0.0907 0.0010 0.0575 0.0007 510.70 25.43 559.70 6.14 
Z65-1 0.7647 0.0105 0.0913 0.0011 0.0608 0.0008 631.30 27.65 563.20 6.26 
Z67-1 0.2677 0.0065 0.0394 0.0005 0.0493 0.0012 160.50 57.05 249.30 3.23 
Z68-1 0.8746 0.0132 0.1043 0.0012 0.0608 0.0009 633.60 31.20 639.60 7.21 
Z70-1 11.329 0.1340 0.5015 0.0057 0.1639 0.0018 2496.50 17.98 2620.20 24.60 
Z71-1 31.004 0.3671 0.7624 0.0090 0.2950 0.0031 3444.20 16.30 3653.00 32.74 
Z72-1 0.7995 0.0131 0.0999 0.0012 0.0581 0.0009 532.10 34.91 613.60 7.17 
Z73-1 0.2968 0.0050 0.0404 0.0005 0.0533 0.0009 342.60 36.90 255.10 3.06 
Z74-1 0.8613 0.0131 0.1032 0.0013 0.0605 0.0009 622.20 31.19 633.40 7.29 
Z75-1 0.8544 0.0113 0.1045 0.0012 0.0593 0.0007 578.90 26.51 640.60 7.17 
Z76-1 0.7935 0.0171 0.1011 0.0013 0.0570 0.0012 489.20 47.29 620.60 7.81 






207Pb/235U Error  
±2 σ  
206Pb/238U Error  
±2 σ  
207Pb/235U Error  









Z78-1 0.8146 0.0178 0.1035 0.0014 0.0571 0.0013 495.50 48.36 634.60 8.01 
Z79-1 4.6984 0.0595 0.2781 0.0033 0.1226 0.0014 1994.00 20.52 1581.60 16.63 
Z80-1 0.8350 0.0117 0.1027 0.0012 0.0590 0.0008 566.80 27.97 630.10 7.12 
Z81-1 1.5795 0.0203 0.1165 0.0014 0.0983 0.0012 1592.70 22.26 710.60 7.89 
Z82-1 0.7966 0.0175 0.0884 0.0012 0.0654 0.0015 787.00 46.05 546.00 7.01 
Z84-1 0.7698 0.0102 0.0975 0.0011 0.0573 0.0007 502.90 26.93 599.50 6.67 
Z85-1 0.8326 0.0135 0.1012 0.0012 0.0597 0.0009 591.60 33.78 621.60 7.19 
Z86-1 7.4912 0.0895 0.4186 0.0048 0.1298 0.0014 2095.70 18.88 2254.20 22.01 
Z87-1 0.7723 0.0109 0.0961 0.0011 0.0583 0.0008 540.90 29.66 591.40 6.66 
Z88-1 1.5630 0.0209 0.1614 0.0019 0.0703 0.0009 936.50 25.51 964.30 10.52 
Z89-1 0.8011 0.0171 0.0972 0.0013 0.0598 0.0013 596.50 45.82 597.90 7.49 
Z90-1 0.6636 0.0165 0.0839 0.0012 0.0574 0.0015 505.80 55.25 519.40 6.87 
Z91-1 3.6589 0.0428 0.2447 0.0028 0.1086 0.0012 1775.90 19.29 1411.00 14.35 
Z92-1 4.1731 0.1213 0.2383 0.0043 0.1272 0.0039 2059.60 53.45 1377.60 22.50 
Z93-1 7.9089 0.0966 0.4005 0.0046 0.1434 0.0016 2268.70 19.32 2171.30 21.27 
Z96-1 0.8113 0.0193 0.0952 0.0013 0.0619 0.0015 671.20 51.20 585.90 7.62 
Z97-1 8.6037 0.1032 0.4086 0.0047 0.1529 0.0017 2378.70 18.65 2208.60 21.45 
Z98-1 1.2841 0.0192 0.0946 0.0012 0.0986 0.0015 1596.90 27.21 582.80 6.74 
Z99-1 0.7711 0.0127 0.0985 0.0012 0.0569 0.0009 486.20 35.55 605.30 6.93 
Z100-1 0.7842 0.0146 0.0949 0.0012 0.0600 0.0011 603.10 39.58 584.70 6.94 
Not Used 
Z11-1 - - 6.0867 0.9655 0.9503 0.0645 5165.60 92.34 - - 
Z23-1 - - 4.9958 2.7620 - 4.4482 0.10 0.00 - - 
Z24-1 - - 8.8812 5.4394 - 2.6621 0.10 0.00 - - 
Z25-1 - - 2.5805 2.9042 1.9132 2.1010 6134.00 995.19 - - 
Z44-1 - - - 32.350 0.9307 0.1472 5136.30 206.33 - - 
Z45-1 - - 3.7979 1.7683 - 2.1053 0.10 5857.97 - - 
Z49-1 474.54 48.153 3.4054 0.3657 1.0111 0.0670 5252.90 89.91 9559.00 - 
Z58-2 - - 4.0191 2.2791 0.9918 0.3248 5225.70 395.19 - - 
Z61-1 97.468 15.071 0.7169 0.1401 0.9865 0.1961 5218.30 253.64 3484.50 - 
Z64-1 81.819 3.0955 0.6074 0.0272 0.9775 0.0433 5205.40 60.86 3059.40 - 
Z66-1 0.9766 4.5215 - 0.0173 - 0.5385 0.10 3989.30 - - 
Z69-1 163.70 11.446 1.1874 0.0945 1.0004 0.0686 5238.00 93.03 5045.70 - 
Z83-1 - - 3.4124 1.4898 0.7964 0.2212 4915.20 346.55 - - 
Z94-1 - - 2.6087 0.0304 0.8153 0.0086 4948.70 14.90 8273.00 54.31 







Kingscote Composite Section - unit 3 
Spot 
No. 
207Pb/235U Error  
±2 σ  
206Pb/238U Error  
±2 σ  
207Pb/235U Error  









z10-1 0.2943 0.0031 0.6486 0.0070 26.3563 0.2937 3440.40 16.13 3222.80 27.55 
z13-1 0.0618 0.0008 0.1141 0.0013 0.9730 0.0135 667.20 27.83 696.70 7.66 
z23-1 0.1377 0.0015 0.3691 0.0041 7.0040 0.0811 2198.00 18.19 2025.00 19.47 
z28-1 0.0672 0.0010 0.0386 0.0005 0.3575 0.0052 845.30 29.30 243.90 2.79 
z29-1 0.0544 0.0008 0.0393 0.0005 0.2949 0.0043 387.60 31.51 248.60 2.83 
z36-1 0.1126 0.0014 0.0473 0.0006 0.7340 0.0097 1841.20 22.82 298.10 3.36 
z37-1 0.0896 0.0012 0.0408 0.0005 0.5030 0.0070 1416.10 25.43 257.50 2.93 
z38-1 0.1761 0.0019 0.3245 0.0037 7.8730 0.0937 2616.50 18.16 1811.50 17.80 
z44-1 0.0578 0.0008 0.0997 0.0012 0.7948 0.0118 522.50 31.00 612.90 6.98 
z45-1 0.0590 0.0008 0.1026 0.0012 0.8344 0.0124 567.00 30.47 629.70 7.16 
z46-1 0.0603 0.0007 0.1122 0.0013 0.9318 0.0119 613.20 25.05 685.30 7.56 
z47-1 0.0619 0.0007 0.1146 0.0013 0.9776 0.0125 670.40 24.89 699.30 7.71 
z57-1 0.1167 0.0015 0.1038 0.0013 1.6697 0.0228 1906.50 22.72 636.70 7.39 
z58-1 0.0734 0.0009 0.1783 0.0021 1.8019 0.0232 1023.70 23.34 1057.40 11.58 
z59-1 0.0724 0.0008 0.1739 0.0021 1.7364 0.0219 998.30 22.71 1033.70 11.29 
z61-1 0.0602 0.0010 0.1045 0.0013 0.8667 0.0145 609.10 34.56 640.90 7.58 
z62-1 0.0600 0.0010 0.1034 0.0013 0.8554 0.0144 604.20 34.69 634.30 7.51 
z63-1 0.0607 0.0010 0.1063 0.0013 0.8898 0.0155 628.60 36.00 651.50 7.78 
z64-1 0.0623 0.0010 0.1037 0.0013 0.8904 0.0147 683.20 33.55 636.30 7.52 
z67-1 0.0592 0.0008 0.0980 0.0012 0.7993 0.0119 572.80 30.21 602.80 6.97 
z68-1 0.0616 0.0010 0.1035 0.0013 0.8781 0.0150 658.30 34.93 635.00 7.55 
z72-1 0.0675 0.0009 0.1062 0.0013 0.9881 0.0145 854.50 28.52 650.70 7.50 
z74-1 0.0603 0.0007 0.1130 0.0013 0.9392 0.0116 615.80 23.45 690.20 7.67 
z83-1 0.0589 0.0008 0.1068 0.0013 0.8675 0.0126 564.00 29.87 654.30 7.42 
z84-1 0.0594 0.0008 0.1023 0.0012 0.8375 0.0121 581.30 29.39 628.00 7.12 
z85-1 0.0592 0.0008 0.1023 0.0012 0.8353 0.0122 575.20 29.74 628.00 7.14 
z86-1 0.0603 0.0008 0.1035 0.0012 0.8595 0.0120 613.00 27.95 634.80 7.15 
z89-1 0.0818 0.0013 0.0999 0.0013 1.1263 0.0184 1241.70 31.18 613.50 7.31 
z90-1 0.0679 0.0013 0.0955 0.0012 0.8941 0.0168 866.10 38.23 588.00 7.20 
z91-1 0.0651 0.0007 0.0729 0.0008 0.6537 0.0080 776.20 23.24 453.60 5.05 
z92-1 0.0616 0.0015 0.0908 0.0013 0.7717 0.0188 661.50 52.42 560.50 7.44 
z93-1 0.0628 0.0015 0.0889 0.0012 0.7695 0.0183 701.70 50.94 548.90 7.26 
z94-1 0.0789 0.0018 0.0964 0.0013 1.0483 0.0227 1170.50 43.19 593.00 7.78 
z95-1 0.0600 0.0007 0.1142 0.0013 0.9442 0.0116 602.80 24.03 697.10 7.62 
z99-1 0.0586 0.0008 0.1079 0.0013 0.8708 0.0126 551.10 29.98 660.40 7.45 
z100-1 0.0570 0.0008 0.1051 0.0012 0.8251 0.0117 490.20 29.92 644.00 7.24 
z101-1 0.0601 0.0009 0.0990 0.0011 0.8198 0.0119 607.50 30.50 608.70 6.59 
z102-1 0.0608 0.0009 0.0982 0.0011 0.8227 0.0123 632.10 31.58 604.10 6.59 
z104-1 0.0627 0.0008 0.0949 0.0011 0.8194 0.0107 698.10 26.74 584.40 6.22 
z106-1 0.0695 0.0010 0.1434 0.0016 1.3717 0.0197 912.80 28.85 863.60 9.23 
z107-1 0.0600 0.0008 0.0967 0.0011 0.7989 0.0114 603.40 29.90 594.90 6.42 
z113-1 0.1667 0.0018 0.4023 0.0043 9.2446 0.1031 2524.90 17.81 2179.40 19.97 
z114-1 0.0777 0.0009 0.2041 0.0022 2.1854 0.0260 1138.90 22.78 1197.10 11.86 
z115-1 0.0791 0.0009 0.2059 0.0022 2.2452 0.0267 1174.70 22.55 1206.90 11.94 
z116-1 0.0592 0.0008 0.0967 0.0011 0.7891 0.0102 574.70 27.32 594.90 6.22 
z117-1 0.0723 0.0009 0.0943 0.0010 0.9394 0.0118 993.30 24.82 580.90 6.08 
z118-1 0.1724 0.0020 0.3565 0.0040 8.4702 0.1018 2580.80 19.51 1965.30 18.94 
z119-1 0.1737 0.0020 0.4245 0.0047 10.163 0.1197 2593.30 18.94 2281.00 21.29 
z120-1 0.1507 0.0019 0.2557 0.0029 5.3107 0.0671 2353.60 21.23 1467.70 14.87 
Not Used 
z01-1 0.8082 0.0084 - 305.38 - - 4936.20 14.69 - 265.90 
z02-1 1.0762 0.4467 2.3225 1.3103 345.12 174.73 5340.30 481.52 7740.40 2542.18 
z03-1 0.8215 0.0089 - 441.60 - - 4959.40 15.38 - 927.22 
z04-1 0.8182 0.0091 - - - - 4953.80 15.72 - 5785.82 
z05-1 0.8097 0.0089 - - - - 4938.90 15.52 - 1671.08 
z06-1 0.8171 0.0085 - 493.23 - - 4951.90 14.71 - 404.67 
z07-1 0.8088 0.0085 - 562.99 - - 4937.30 14.92 - 727.61 
z08-1 0.3593 0.1854 -6.4608 5.0439 - 273.93 3747.10 620.05 - - 
z09-1 0.8187 0.0085 - - - - 4954.70 14.72 - 622.22 
z11-1 0.8051 0.0085 - 184.41 - - 4930.70 14.95 - 343.32 
z103-1 0.8549 0.0089 - - - - 5016.10 14.64 - 441.97 
z105-1 0.8372 0.0087 - 531.33 - - 4986.40 14.66 - 326.59 
z108-1 -0.1813 0.1441 -30.629 27.606 764.75 358.48 0.10 0.00 - - 






207Pb/235U Error  
±2 σ  
206Pb/238U Error  
±2 σ  
207Pb/235U Error  









z110-1 0.8423 0.0088 - 166.85 - - 4995.00 14.66 - 248.42 
z12-1 0.8245 0.0087 - - - - 4964.70 14.93 - 717.08 
z14-1 0.8204 0.0088 411.73 15.73 - - 4957.60 15.22 - 245.75 
z15-1 0.8494 0.0103 - - - - 5006.90 17.08 - 3660.29 
z16-1 2.0265 2.4569 6.7393 8.4096 - 580.08 6212.20 1063.37 - 7004.73 
z17-1 1.0333 0.2753 - 0.3876 - 54.738 5283.40 329.19 - 3768.51 
z18-1 0.8207 0.0086 - 138.40 - - 4958.10 14.86 - 208.94 
z19-1 0.8122 0.0086 - 208.05 - - 4943.30 15.05 - 465.31 
z20-1 0.8287 0.0087 - 169.20 - - 4971.80 14.88 - 289.22 
z21-1 0.8215 0.0086 - 150.04 - - 4959.50 14.80 - 305.97 
z22-1 0.8166 0.0085 - 220.71 - - 4950.90 14.77 - 268.09 
z24-1 0.8248 0.0087 231.56 4.3877 - 503.44 4965.20 14.84 - 121.63 
z25-1 0.8293 0.0087 - 559.58 - - 4972.90 14.76 - 405.07 
z26-1 0.8128 0.0085 - 136.67 - - 4944.30 14.78 - 253.66 
z27-1 -0.1222 0.0966 2.0882 2.6802 - 36.520 0.10 0.00 7269.00 5594.72 
z30-1 0.8323 0.0087 - 121.71 - - 4978.00 14.74 - 210.57 
z31-1 0.6316 0.5645 13.861 5.8826 - - 4582.40 905.33 - 2551.79 
z32-1 0.8359 0.0089 - 330.85 - - 4984.10 15.06 - 530.73 
z33-1 0.8351 0.0089 - - - - 4982.90 15.03 - 831.52 
z34-1 0.8352 0.0088 - 220.05 - - 4983.00 14.94 - 338.33 
z35-1 0.8486 0.0090 - 352.05 - - 5005.60 14.89 - 308.72 
z39-1 0.8485 0.0090 - 26.034 - - 5005.40 14.88 - 130.49 
z40-1 0.8243 0.0087 - 233.05 - - 4964.30 14.92 - 279.04 
z41-1 0.8444 0.0090 - 546.72 - - 4998.50 14.98 - 541.17 
z42-1 0.8245 0.0086 - 125.69 - - 4964.70 14.66 - 248.04 
z43-1 0.8327 0.0086 - 271.41 - - 4978.80 14.65 - 325.32 
z48-1 0.8385 0.0091 26.468 0.4472 - 51.872 4988.60 15.26 - 104.96 
z49-1 0.8459 0.0099 350.82 29.20 - - 5001.10 16.54 - 535.00 
z50-1 0.8265 0.0086 - - - - 4968.10 14.64 - 425.21 
z51-1 1.3754 0.4288 1.630 0.6753 309.02 109.59 5681.40 372.59 6234.30 1654.97 
z52-1 0.8250 0.0085 - 147.67 - - 4965.50 14.57 - 249.09 
z53-1 0.8151 0.0084 - 239.63 - - 4948.40 14.62 - 355.60 
z54-1 0.8259 0.0085 - 100.89 - - 4967.10 14.57 - 216.24 
z55-1 -2.8844 2.7809 2.445 0.9400 - 963.24 0.10 0.00 7974.50 1758.71 
z56-1 0.8435 0.0087 - - - - 4997.10 14.55 - 500.68 
z60-1 0.8243 0.0085 888.79 24.059 - - 4964.30 14.61 - 174.30 
z65-1 0.8440 0.0088 - 45.163 - - 4997.80 14.74 - 176.56 
z66-1 0.8437 0.0088 - 196.11 - - 4997.30 14.75 - 298.60 
z69-1 0.8281 0.0087 - - - - 4970.90 14.77 - 873.60 
z70-1 0.8330 0.0087 - - - - 4979.30 14.74 - 464.04 
z71-1 0.8252 0.0085 - 498.85 - - 4965.80 14.63 - 396.90 
z73-1 0.8322 0.0087 - 999.35 - - 4977.80 14.69 - 664.85 
z75-1 0.8306 0.0086 - 403.48 - - 4975.10 14.60 - 300.17 
z76-1 0.8432 0.0088 542.50 18.538 - - 4996.50 14.78 - 219.88 
z77-1 0.8250 0.0086 - 549.69 - - 4965.40 14.66 - 472.54 
z78-1 0.9908 0.1095 - 70.539 - - 5224.40 146.93 - - 
z79-1 -0.1015 0.0815 - 56.958 818.78 495.15 0.10 0.00 - - 
z80-1 0.8399 0.0154 13.072 0.5732 - 65.349 4991.00 25.78 - 262.58 
z81-1 0.8282 0.0086 - 336.45 - - 4970.90 14.67 - 495.95 
z82-1 0.8284 0.0087 - - - - 4971.30 14.89 - 2075.32 
z87-1 0.8321 0.0086 240.91 3.8341 - 441.90 4977.70 14.57 - 102.17 
z96-1 0.8078 0.0083 - 233.19 - - 4935.60 14.50 - 461.56 
z97-1 0.7925 0.0081 - 32.090 - - 4908.20 14.41 - 188.98 
z98-1 0.8203 0.0084 - 356.89 - - 4957.40 14.50 - 559.23 
z111-1 0.8381 0.0086 - 299.92 - - 4987.90 14.47 - 322.71 
z112-1 0.7074 0.0876 118.89 119.42 - - 4745.70 166.92 - 6421.32 
 
Spot No. Preferred age (Ma) Error ± (Ma) rho Conc. 
z10-1 3440.40 16.13 0.97 94 
z13-1 696.70 7.66 0.83 104 
z23-1 2198.00 18.19 0.97 92 
z28-1 243.90 2.79 0.80 29 
z29-1 248.60 2.83 0.79 64 




Spot No. Preferred age (Ma) Error ± (Ma) rho Conc. 
z37-1 1416.10 25.43 0.83 18 
z38-1 2616.50 18.16 0.95 69 
z44-1 612.90 6.98 0.80 117 
z45-1 629.70 7.16 0.80 111 
z46-1 685.30 7.56 0.91 112 
z47-1 699.30 7.71 0.91 104 
z57-1 1906.50 22.72 0.89 33 
z58-1 1057.40 11.58 0.92 103 
z59-1 1033.70 11.29 0.94 104 
z61-1 640.90 7.58 0.74 105 
z62-1 634.30 7.51 0.74 105 
z63-1 651.50 7.78 0.72 104 
z64-1 636.30 7.52 0.75 93 
z67-1 602.80 6.97 0.81 105 
z68-1 635.00 7.55 0.73 96 
z72-1 650.70 7.50 0.83 76 
z74-1 690.20 7.67 0.95 112 
z83-1 654.30 7.42 0.82 116 
z84-1 628.00 7.12 0.83 108 
z85-1 628.00 7.14 0.82 109 
z86-1 634.80 7.15 0.85 104 
z89-1 1241.70 31.18 0.76 49 
z90-1 588.00 7.20 0.68 68 
z91-1 453.60 5.05 0.95 58 
z92-1 560.50 7.44 0.57 85 
z93-1 548.90 7.26 0.58 78 
z94-1 593.00 7.78 0.63 51 
z95-1 697.10 7.62 0.94 116 
z99-1 660.40 7.45 0.82 120 
z100-1 644.00 7.24 0.83 131 
z101-1 608.70 6.59 0.78 100 
z102-1 604.10 6.59 0.76 96 
z104-1 584.40 6.22 0.85 84 
z106-1 863.60 9.23 0.80 95 
z107-1 594.90 6.42 0.79 99 
z113-1 2524.90 17.81 0.97 86 
z114-1 1197.10 11.86 0.91 105 
z115-1 1206.90 11.94 0.91 103 
z116-1 594.90 6.22 0.85 104 
z117-1 580.90 6.08 0.87 58 
z118-1 2580.80 19.51 0.93 76 
z119-1 2593.30 18.94 0.94 88 
z120-1 2353.60 21.23 0.90 62 
Not Used 
z01-1     - - 
z02-1 5340.30 481.52 0.90 145 
z03-1     - - 
z04-1     - - 
z05-1     - - 
z06-1     - - 
z07-1     - - 
z08-1     - - 
z09-1     - - 
z11-1     - - 
z103-1     - - 
z105-1     - - 
z108-1     -1.92 - 
z109-1     - - 
z110-1     - - 
z12-1     - - 
z14-1     - - 
z15-1     - - 
z16-1     - - 
z17-1     1.01 - 
z18-1     - - 
z19-1     - - 




Spot No. Preferred age (Ma) Error ± (Ma) rho Conc. 
z21-1     - - 
z22-1     - - 
z24-1     - - 
z25-1     - - 
z26-1     - - 
z27-1     - 7269000 
z30-1     - - 
z31-1     - - 
z32-1     - - 
z33-1     - - 
z34-1     - - 
z35-1     - - 
z39-1     - - 
z40-1     - - 
z41-1     - - 
z42-1     - - 
z43-1     - - 
z48-1     - - 
z49-1     - - 
z50-1     - - 
z51-1 5681.40 372.59 0.86 110 
z52-1     - - 
z53-1     - - 
z54-1     - - 
z55-1     - - 
z56-1     - - 
z60-1     - - 
z65-1     - - 
z66-1     - - 
z69-1     - - 
z70-1     - - 
z71-1     - - 
z73-1     - - 
z75-1     - - 
z76-1     - - 
z77-1     - - 
z78-1     - - 
z79-1     -1.61 - 
z80-1     - - 
z81-1     - - 
z82-1     - - 
z87-1     - - 
z96-1     - - 
z97-1     - - 
z98-1     - - 
z111-1     - - 








Cape Jervis Section - unit 4 
Spot 
No. 
207Pb/235U Error  




±2 σ  
207Pb/235U Error  









Z01-1 0.0578 0.0011 0.0890 0.0011 0.7080 0.0129 521.00 40.10 549.30 6.30 
Z02-1 0.0953 0.0011 0.2914 0.0032 3.8260 0.0456 1533.80 21.28 1648.70 16.05 
Z03-1 0.0605 0.0007 0.0943 0.0010 0.7859 0.0093 620.20 24.01 581.10 6.07 
Z04-1 0.0621 0.0008 0.0969 0.0011 0.8284 0.0113 676.70 28.29 596.00 6.38 
Z05-1 0.1224 0.0013 0.0642 0.0007 1.0832 0.0123 1991.40 18.91 401.40 4.24 
Z06-1 0.0788 0.0009 0.1797 0.0020 1.9513 0.0236 1167.50 22.78 1065.30 10.82 
Z07-1 0.0735 0.0009 0.1459 0.0016 1.4775 0.0178 1028.20 23.07 877.90 9.02 
Z08-1 0.0567 0.0007 0.0886 0.0010 0.6928 0.0092 480.60 28.58 547.40 5.84 
Z09-1 0.0684 0.0008 0.1198 0.0013 1.1282 0.0137 879.40 23.97 729.40 7.58 
Z10-1 0.0945 0.0010 0.2688 0.0029 3.4985 0.0391 1517.70 19.70 1534.60 14.82 
Z12-1 0.0583 0.0013 0.1012 0.0013 0.8140 0.0176 541.30 47.90 621.70 7.67 
Z13-1 0.0606 0.0012 0.0991 0.0013 0.8283 0.0168 625.80 43.47 609.30 7.40 
Z14-1 0.1160 0.0019 0.1035 0.0013 1.6553 0.0272 1896.10 29.49 634.80 7.64 
Z15-1 0.0598 0.0011 0.0945 0.0012 0.7790 0.0141 595.10 39.04 582.40 6.83 
Z16-1 0.0679 0.0010 0.0900 0.0011 0.8421 0.0132 864.40 31.43 555.60 6.34 
Z17-1 0.0707 0.0018 0.1007 0.0014 0.9803 0.0238 947.30 50.16 618.30 8.22 
Z18-1 0.0653 0.0010 0.1228 0.0015 1.1049 0.0167 783.90 30.46 746.40 8.32 
Z19-1 0.0614 0.0009 0.1004 0.0012 0.8490 0.0132 652.10 32.23 616.50 6.96 
Z20-1 0.0683 0.0010 0.1021 0.0012 0.9618 0.0149 878.50 30.89 626.80 7.10 
Z21-1 0.0596 0.0009 0.0989 0.0012 0.8118 0.0119 590.40 30.60 607.90 6.74 
Z22-1 0.0605 0.0008 0.0986 0.0011 0.8209 0.0110 619.80 27.28 606.50 6.61 
Z26-1 0.1424 0.0016 0.3963 0.0045 7.7673 0.0923 2256.40 18.86 2151.80 20.71 
Z27-1 0.0747 0.0013 0.1510 0.0019 1.5529 0.0263 1061.20 33.60 906.30 10.37 
Z28-1 0.0601 0.0008 0.0964 0.0011 0.7975 0.0116 606.80 30.12 593.30 6.58 
Z29-1 0.0647 0.0010 0.0945 0.0011 0.8409 0.0137 763.70 33.60 581.80 6.65 
Z30-1 0.0593 0.0009 0.0975 0.0011 0.7962 0.0118 579.40 30.94 599.60 6.67 
Z31-1 0.0809 0.0010 0.2146 0.0025 2.3924 0.0325 1218.80 24.83 1253.40 13.47 
Z32-1 0.0610 0.0008 0.1157 0.0014 0.9725 0.0132 638.90 26.95 705.80 7.82 
Z33-1 0.0600 0.0008 0.0993 0.0012 0.8214 0.0111 604.30 26.95 610.40 6.81 
Z34-1 0.0606 0.0009 0.0972 0.0012 0.8122 0.0119 626.60 29.91 598.00 6.78 
Z35-1 0.0956 0.0011 0.2819 0.0033 3.7130 0.0451 1539.50 20.55 1601.00 16.38 
Z36-1 0.0614 0.0010 0.1034 0.0013 0.8748 0.0145 654.20 34.24 634.00 7.37 
Z37-1 0.1170 0.0013 0.2500 0.0029 4.0323 0.0495 1911.40 19.92 1438.70 14.97 
Z38-1 0.0646 0.0008 0.1391 0.0016 1.2374 0.0171 760.30 27.05 839.40 9.26 
Z39-1 0.0634 0.0011 0.0976 0.0012 0.8522 0.0145 720.50 35.15 600.30 7.06 
Z40-1 0.0595 0.0008 0.1004 0.0012 0.8235 0.0119 586.40 29.48 616.70 6.96 
Z41-1 0.0618 0.0008 0.1074 0.0013 0.9149 0.0129 668.00 28.26 657.40 7.37 
Z42-1 0.0603 0.0009 0.0964 0.0012 0.8013 0.0120 615.30 30.54 593.10 6.75 
Z43-1 0.2168 0.0023 0.4446 0.0051 13.2849 0.1576 2957.00 17.02 2371.30 22.86 
Z46-1 0.0662 0.0009 0.0922 0.0011 0.8414 0.0121 813.60 28.26 568.40 6.45 
Z47-1 0.2206 0.0023 0.4931 0.0057 14.9922 0.1767 2985.00 16.81 2584.10 24.45 
Z48-1 0.0580 0.0007 0.0912 0.0011 0.7292 0.0094 529.00 26.10 562.90 6.25 
Z50-1 0.0626 0.0009 0.0963 0.0011 0.8308 0.0120 695.20 28.92 592.50 6.71 
Z51-1 0.0594 0.0008 0.0956 0.0012 0.7826 0.0117 582.60 30.47 588.40 6.74 
Z52-1 0.0583 0.0010 0.0950 0.0012 0.7634 0.0128 539.80 36.03 585.20 6.88 
Z53-1 0.0611 0.0009 0.0957 0.0012 0.8064 0.0123 643.40 31.03 589.30 6.79 
Z54-1 0.0715 0.0010 0.1336 0.0016 1.3163 0.0196 971.00 28.69 808.50 9.19 
Z55-1 0.0653 0.0016 0.1026 0.0014 0.9234 0.0220 785.20 50.14 629.30 8.35 
Z56-1 0.0601 0.0009 0.1026 0.0013 0.8500 0.0137 608.60 33.35 629.30 7.32 
Z57-1 0.0687 0.0008 0.1165 0.0014 1.1034 0.0137 890.80 23.06 710.20 7.83 
Z58-1 0.0800 0.0012 0.1009 0.0013 1.1127 0.0177 1196.60 30.22 619.90 7.31 
Z60-1 0.0590 0.0010 0.1040 0.0013 0.8455 0.0152 566.40 38.00 637.90 7.60 
Z62-1 0.4346 0.0161 0.1564 0.0044 9.3685 0.2807 4033.30 54.34 936.90 24.67 
Z63-1 0.0575 0.0007 0.0907 0.0010 0.7189 0.0091 510.70 25.43 559.70 6.14 
Z65-1 0.0608 0.0008 0.0913 0.0011 0.7647 0.0105 631.30 27.65 563.20 6.26 
Z67-1 0.0493 0.0012 0.0394 0.0005 0.2677 0.0065 160.50 57.05 249.30 3.23 
Z68-1 0.0608 0.0009 0.1043 0.0012 0.8746 0.0132 633.60 31.20 639.60 7.21 
Z70-1 0.1639 0.0018 0.5015 0.0057 11.329 0.1340 2496.50 17.98 2620.20 24.60 
Z71-1 0.2950 0.0031 0.7624 0.0090 31.005 0.3671 3444.20 16.30 3653.00 32.74 
Z72-1 0.0581 0.0009 0.0999 0.0012 0.7995 0.0131 532.10 34.91 613.60 7.17 
Z73-1 0.0533 0.0009 0.0404 0.0005 0.2968 0.0050 342.60 36.90 255.10 3.06 
Z74-1 0.0605 0.0009 0.1032 0.0013 0.8613 0.0131 622.20 31.19 633.40 7.29 
Z75-1 0.0593 0.0007 0.1045 0.0012 0.8544 0.0113 578.90 26.51 640.60 7.17 






207Pb/235U Error  




±2 σ  
207Pb/235U Error  









Z77-1 0.1827 0.0019 0.5074 0.0059 12.778 0.1504 2677.50 17.24 2645.40 25.23 
Z78-1 0.0571 0.0013 0.1035 0.0014 0.8146 0.0178 495.50 48.36 634.60 8.01 
Z79-1 0.1226 0.0014 0.2781 0.0033 4.6984 0.0595 1994.00 20.52 1581.60 16.63 
Z80-1 0.0590 0.0008 0.1027 0.0012 0.8350 0.0117 566.80 27.97 630.10 7.12 
Z81-1 0.0983 0.0012 0.1165 0.0014 1.5795 0.0203 1592.70 22.26 710.60 7.89 
Z82-1 0.0654 0.0015 0.0884 0.0012 0.7966 0.0175 787.00 46.05 546.00 7.01 
Z84-1 0.0573 0.0007 0.0975 0.0011 0.7698 0.0102 502.90 26.93 599.50 6.67 
Z85-1 0.0597 0.0009 0.1012 0.0012 0.8326 0.0135 591.60 33.78 621.60 7.19 
Z86-1 0.1298 0.0014 0.4186 0.0048 7.4912 0.0895 2095.70 18.88 2254.20 22.01 
Z87-1 0.0583 0.0008 0.0961 0.0011 0.7723 0.0109 540.90 29.66 591.40 6.66 
Z88-1 0.0703 0.0009 0.1614 0.0019 1.5630 0.0209 936.50 25.51 964.30 10.52 
Z89-1 0.0598 0.0013 0.0972 0.0013 0.8011 0.0171 596.50 45.82 597.90 7.49 
Z90-1 0.0574 0.0015 0.0839 0.0012 0.6636 0.0165 505.80 55.25 519.40 6.87 
Z91-1 0.1086 0.0012 0.2447 0.0028 3.6589 0.0428 1775.90 19.29 1411.00 14.35 
Z92-1 0.1272 0.0039 0.2383 0.0043 4.1731 0.1213 2059.60 53.45 1377.60 22.50 
Z93-1 0.1434 0.0016 0.4005 0.0046 7.9089 0.0966 2268.70 19.32 2171.30 21.27 
Z96-1 0.0619 0.0015 0.0952 0.0013 0.8113 0.0193 671.20 51.20 585.90 7.62 
Z97-1 0.1529 0.0017 0.4086 0.0047 8.6037 0.1032 2378.70 18.65 2208.60 21.45 
Z98-1 0.0986 0.0015 0.0946 0.0012 1.2841 0.0192 1596.90 27.21 582.80 6.74 
Z99-1 0.0569 0.0009 0.0985 0.0012 0.7711 0.0127 486.20 35.55 605.30 6.93 
Z100-1 0.0600 0.0011 0.0949 0.0012 0.7842 0.0146 603.10 39.58 584.70 6.94 
Not Used 
Z11-1 0.9503 0.0645 6.0867 0.9655 797.29 123.03 5165.60 92.34 - 878.3 
Z23-1 - 4.4482 4.9958 2.7620 - - 0.10 0.00 - - 
Z24-1 - 2.6621 8.8812 5.4394 - - 0.10 0.00 - - 
Z25-1 1.9132 2.1010 2.5805 2.9042 679.64 273.25 6134.00 995.19 8222.40 - 
Z44-1 0.9307 0.1472 - - - - 5136.30 206.33 - - 
Z45-1 - 2.1053 3.7979 1.7683 - - 0.10 - - - 
Z49-1 1.0111 0.0670 3.4054 0.3657 474.55 48.15 5252.90 89.91 9559.00 - 
Z58-2 0.9918 0.3248 4.0191 2.2791 549.34 293.71 5225.70 395.19 - - 
Z61-1 0.9865 0.1961 0.7169 0.1401 97.47 15.07 5218.30 253.64 3484.50 525.9 
Z64-1 0.9775 0.0433 0.6074 0.0272 81.82 3.10 5205.40 60.86 3059.40 109.0 
Z66-1 - 0.5385 - 0.0173 0.98 4.52 0.10 - - 118.8 
Z69-1 1.0004 0.0686 1.1874 0.0945 163.71 11.45 5238.00 93.03 5045.70 278.5 
Z83-1 0.7964 0.2212 3.4124 1.4898 374.55 155.51 4915.20 346.55 9569.20 - 
Z94-1 0.8153 0.0086 2.6087 0.0304 292.89 3.46 4948.70 14.90 8273.00 54.3 
Z95-1 3.0865 1.4878 0.9355 0.5665 397.58 177.38 6779.20 522.94 4256.80 - 
 
Spot No.  Preferred age (Ma) Error ± (Ma) rho Conc. 
Z01-1 549.30 6.30 0.65 105 
Z02-1 1533.80 21.28 0.93 107 
Z03-1 581.10 6.07 0.93 94 
Z04-1 596.00 6.38 0.82 88 
Z05-1 1991.40 18.91 0.96 20 
Z06-1 1065.30 10.82 0.91 91 
Z07-1 877.90 9.02 0.91 85 
Z08-1 547.40 5.84 0.84 114 
Z09-1 729.40 7.58 0.91 83 
Z10-1 1517.70 19.70 0.97 101 
Z12-1 621.70 7.67 0.60 115 
Z13-1 609.30 7.40 0.63 97 
Z14-1 1896.10 29.49 0.77 33 
Z15-1 582.40 6.83 0.68 98 
Z16-1 555.60 6.34 0.76 64 
Z17-1 618.30 8.22 0.57 65 
Z18-1 746.40 8.32 0.78 95 
Z19-1 616.50 6.96 0.76 95 
Z20-1 626.80 7.10 0.77 71 
Z21-1 607.90 6.74 0.79 103 
Z22-1 606.50 6.61 0.86 98 
Z26-1 2256.40 18.86 0.95 95 
Z27-1 906.30 10.37 0.72 85 
Z28-1 593.30 6.58 0.80 98 




Spot No.  Preferred age (Ma) Error ± (Ma) rho Conc. 
Z30-1 599.60 6.67 0.78 103 
Z31-1 1253.40 13.47 0.87 103 
Z32-1 705.80 7.82 0.86 110 
Z33-1 610.40 6.81 0.87 101 
Z34-1 598.00 6.78 0.81 95 
Z35-1 1539.50 20.55 0.95 104 
Z36-1 634.00 7.37 0.74 97 
Z37-1 1911.40 19.92 0.95 75 
Z38-1 839.40 9.26 0.86 110 
Z39-1 600.30 7.06 0.72 83 
Z40-1 616.70 6.96 0.82 105 
Z41-1 657.40 7.37 0.84 98 
Z42-1 593.10 6.75 0.80 96 
Z43-1 2957.00 17.02 0.97 80 
Z46-1 568.40 6.45 0.82 70 
Z47-1 2985.00 16.81 0.97 87 
Z48-1 562.90 6.25 0.90 106 
Z50-1 592.50 6.71 0.82 85 
Z51-1 588.40 6.74 0.81 101 
Z52-1 585.20 6.88 0.73 108 
Z53-1 589.30 6.79 0.79 92 
Z54-1 808.50 9.19 0.82 83 
Z55-1 629.30 8.35 0.59 80 
Z56-1 629.30 7.32 0.76 103 
Z57-1 710.20 7.83 0.94 80 
Z58-1 619.90 7.31 0.78 52 
Z60-1 637.90 7.60 0.70 113 
Z62-1 4033.30 54.34 0.94 23 
Z63-1 559.70 6.14 0.90 110 
Z65-1 563.20 6.26 0.85 89 
Z67-1 249.30 3.23 0.54 155 
Z68-1 639.60 7.21 0.79 101 
Z70-1 2496.50 17.98 0.97 105 
Z71-1 3444.20 16.30 0.99 106 
Z72-1 613.60 7.17 0.75 115 
Z73-1 255.10 3.06 0.72 74 
Z74-1 633.40 7.29 0.79 102 
Z75-1 640.60 7.17 0.89 111 
Z76-1 620.60 7.81 0.61 127 
Z77-1 2677.50 17.24 0.99 99 
Z78-1 634.60 8.01 0.61 128 
Z79-1 1994.00 20.52 0.94 79 
Z80-1 630.10 7.12 0.85 111 
Z81-1 1592.70 22.26 0.91 45 
Z82-1 546.00 7.01 0.61 69 
Z84-1 599.50 6.67 0.88 119 
Z85-1 621.60 7.19 0.75 105 
Z86-1 2095.70 18.88 0.97 108 
Z87-1 591.40 6.66 0.83 109 
Z88-1 964.30 10.52 0.88 103 
Z89-1 597.90 7.49 0.61 100 
Z90-1 519.40 6.87 0.56 103 
Z91-1 1775.90 19.29 0.97 79 
Z92-1 2059.60 53.45 0.62 67 
Z93-1 2268.70 19.32 0.94 96 
Z96-1 585.90 7.62 0.57 87 
Z97-1 2378.70 18.65 0.96 93 
Z98-1 1596.90 27.21 0.81 36 
Z99-1 605.30 6.93 0.73 124 
Z100-1 584.70 6.94 0.67 97 
Not Used  
Z11-1     0.97 - 
Z23-1     - - 
Z24-1     - - 
Z25-1     0.36 134 
Z44-1     - - 




Spot No.  Preferred age (Ma) Error ± (Ma) rho Conc. 
Z49-1     0.94 182 
Z58-2     0.94 - 
Z61-1     0.79 67 
Z64-1     0.85 59 
Z66-1     - - 
Z69-1     0.88 96 
Z83-1     0.95 195 
Z94-1     0.99 167 





Cape Jervis Section - unit 5 
Spot 
No. 
207Pb/235U Error  




±2 σ  
207Pb/235U Error  









z01-1 0.0758 0.0031 0.0880 0.0016 1.0396 0.0674 1088.50 79.65 543.70 9.51 
z02-1 0.0560 0.0009 0.0766 0.0008 0.5995 0.0121 449.90 34.42 475.60 4.99 
z04-1 0.2871 0.0106 0.1368 0.0035 5.1942 0.4730 3401.80 56.50 826.50 19.97 
z06-1 0.1768 0.0019 0.3240 0.0038 7.8811 0.1609 2623.30 18.17 1809.40 18.24 
z07-1 0.1293 0.0014 0.3540 0.0039 6.4441 0.1238 2088.40 19.16 1953.60 18.59 
z08-1 0.0968 0.0011 0.0500 0.0005 0.6695 0.0088 1562.90 21.20 314.70 3.26 
z09-1 0.0619 0.0008 0.0848 0.0009 0.7130 0.0118 669.10 27.92 524.90 5.43 
z10-1 0.2782 0.0032 0.4548 0.0048 17.218 0.4686 3352.60 17.63 2416.50 21.17 
z11-1 0.0650 0.0011 0.0935 0.0010 0.8374 0.0185 774.10 33.60 576.10 6.13 
z13-1 0.0605 0.0009 0.1009 0.0011 0.8441 0.0167 622.80 31.35 619.80 6.51 
z14-1 0.0652 0.0011 0.0728 0.0008 0.6619 0.0139 779.30 33.59 453.00 4.98 
z15-1 0.0655 0.0010 0.0928 0.0011 0.8276 0.0172 789.30 31.84 572.30 6.32 
z16-1 0.1409 0.0016 0.2295 0.0024 4.4129 0.0719 2238.10 18.84 1331.90 12.49 
z17-1 0.0613 0.0011 0.1024 0.0012 0.8555 0.0218 650.90 38.24 628.20 6.93 
z18-1 0.2008 0.0056 0.1029 0.0019 3.1909 0.1916 2832.50 44.77 631.20 10.83 
z19-1 0.0779 0.0011 0.1873 0.0021 2.1187 0.0513 1143.60 28.16 1106.90 11.27 
z21-1 0.0754 0.0012 0.1805 0.0021 1.9299 0.0528 1079.70 31.32 1069.60 11.28 
z22-1 0.1051 0.0012 0.0748 0.0008 1.0841 0.0148 1715.70 20.57 465.20 4.77 
z23-1 0.0686 0.0025 0.0865 0.0014 0.8939 0.0502 886.00 74.38 534.90 8.51 
z24-1 0.1004 0.0013 0.2900 0.0032 4.1470 0.0978 1630.80 23.04 1641.70 15.78 
z25-1 0.0575 0.0010 0.0921 0.0010 0.7663 0.0175 512.10 36.70 567.70 6.12 
z26-1 0.0853 0.0014 0.2222 0.0026 2.7137 0.0871 1322.60 31.41 1293.50 13.50 
z27-1 0.1843 0.0020 0.5274 0.0053 13.787 0.3164 2692.10 18.03 2730.70 22.26 
z28-1 0.1313 0.0049 0.1125 0.0023 2.3306 0.1761 2116.00 63.28 687.10 13.06 
z29-1 0.2851 0.0077 0.4963 0.0105 36.001 6.1389 3390.80 41.51 2597.70 45.35 
z30-1 0.0982 0.0012 0.2085 0.0021 2.8136 0.0552 1589.40 22.75 1220.90 11.33 
z31-1 0.0743 0.0009 0.1982 0.0021 2.0509 0.0354 1048.90 23.69 1165.80 11.34 
z32-1 0.1514 0.0023 0.4062 0.0047 8.9769 0.4083 2361.70 25.70 2197.40 21.75 
z33-1 0.0731 0.0016 0.0818 0.0010 0.8161 0.0254 1016.40 43.61 506.50 6.14 
z34-1 0.1627 0.0018 0.4585 0.0050 10.153 0.2191 2483.80 18.34 2433.00 22.03 
z35-1 0.0752 0.0009 0.1750 0.0019 1.8409 0.0296 1072.80 23.08 1039.40 10.17 
z36-1 0.0605 0.0014 0.0962 0.0012 0.8565 0.0281 620.50 47.49 592.20 7.04 
z37-1 0.1405 0.0015 0.4052 0.0043 7.9492 0.1407 2232.80 18.30 2192.90 19.56 
z38-1 0.0637 0.0012 0.1238 0.0014 1.0791 0.0301 730.60 38.54 752.10 8.14 
z39-1 0.0625 0.0013 0.0852 0.0010 0.7720 0.0228 690.70 43.95 527.20 6.17 
z40-1 0.0873 0.0014 0.0527 0.0006 0.6421 0.0128 1367.00 29.99 331.40 3.59 
z41-1 0.1799 0.0021 0.4645 0.0050 12.495 0.3640 2651.90 19.41 2459.40 21.79 
z42-1 0.0683 0.0020 0.0827 0.0013 0.7553 0.0320 878.00 60.31 512.10 7.46 
z43-1 0.0724 0.0012 0.1675 0.0019 1.7405 0.0492 996.60 33.36 998.10 10.42 
z44-1 0.0785 0.0010 0.2046 0.0022 2.1459 0.0453 1158.50 25.89 1199.90 11.73 
z45-1 0.1632 0.0095 0.1018 0.0033 2.1296 0.2420 2488.90 95.30 624.80 19.03 
z46-1 0.0679 0.0018 0.0881 0.0012 0.8227 0.0324 865.70 54.78 544.50 7.13 
z47-1 0.0643 0.0008 0.0935 0.0010 0.8332 0.0137 751.60 26.98 576.30 5.91 
z48-1 0.0942 0.0032 0.0850 0.0015 1.2265 0.0693 1511.90 63.36 526.10 8.65 
z49-1 0.1129 0.0013 0.0947 0.0010 1.4833 0.0203 1846.00 19.85 583.00 5.98 
z50-1 0.0641 0.0010 0.1034 0.0012 0.9244 0.0188 745.80 30.96 634.40 7.09 
z51-1 0.1403 0.0016 0.3896 0.0041 7.6173 0.1593 2230.40 19.30 2120.90 19.17 
z52-1 0.0744 0.0013 0.0868 0.0010 0.8875 0.0217 1051.50 34.66 536.60 6.00 
z53-1 0.0821 0.0013 0.1835 0.0020 2.1481 0.0573 1246.70 29.28 1086.00 10.89 
z54-1 0.0619 0.0011 0.0927 0.0011 0.7891 0.0197 669.30 38.08 571.40 6.28 
z55-1 0.0763 0.0012 0.0915 0.0011 0.9994 0.0232 1103.00 32.28 564.40 6.34 
z56-1 0.0765 0.0009 0.0834 0.0009 0.8873 0.0122 1108.20 22.64 516.20 5.24 
z57-1 0.1809 0.0019 0.5101 0.0054 12.718 0.2404 2661.20 17.21 2657.20 23.05 
z59-1 0.0947 0.0011 0.0497 0.0005 0.6395 0.0085 1522.90 21.57 312.50 3.24 
z60-1 0.0565 0.0011 0.0847 0.0010 0.6584 0.0181 471.70 44.65 524.20 5.91 
z61-1 0.0777 0.0015 0.1435 0.0017 1.5554 0.0503 1139.40 37.51 864.50 9.83 
z62-1 0.0912 0.0018 0.2636 0.0034 3.3910 0.1529 1451.00 37.42 1508.10 17.16 
z63-1 0.0729 0.0010 0.1445 0.0015 1.4388 0.0276 1009.90 26.70 870.10 8.70 
z64-1 0.1425 0.0015 0.2341 0.0023 4.5536 0.0705 2257.80 18.57 1355.80 12.21 
z65-1 0.2971 0.0031 0.5890 0.0059 24.4595 0.4508 3454.90 16.00 2985.50 23.84 
z66-1 0.0799 0.0011 0.1894 0.0021 2.1587 0.0526 1193.60 28.01 1117.90 11.26 
z67-1 0.0871 0.0021 0.1968 0.0029 2.3675 0.1132 1362.10 45.60 1158.30 15.39 
z68-1 0.0699 0.0008 0.0934 0.0010 0.9106 0.0130 925.90 23.80 575.80 5.80 






207Pb/235U Error  




±2 σ  
207Pb/235U Error  









z70-1 0.1681 0.0064 0.1007 0.0022 2.5026 0.1982 2539.20 62.66 618.70 12.91 
z71-1 0.0571 0.0009 0.0946 0.0011 0.7485 0.0167 494.30 36.18 582.60 6.27 
z72-1 0.1095 0.0013 0.2667 0.0029 4.1225 0.0785 1790.90 20.88 1524.20 14.50 
z73-1 0.0829 0.0011 0.0485 0.0005 0.5515 0.0085 1266.10 24.77 305.30 3.32 
z74-1 0.1880 0.0061 0.1042 0.0021 2.9617 0.2033 2724.60 52.07 639.20 12.07 
z75-1 0.0676 0.0009 0.0774 0.0008 0.7199 0.0119 854.90 27.25 480.40 5.01 
z76-1 0.0660 0.0013 0.0640 0.0008 0.5806 0.0143 807.30 39.20 400.00 4.75 
z77-1 0.0676 0.0008 0.1366 0.0015 1.2978 0.0222 855.00 25.69 825.20 8.30 
z78-1 0.1522 0.0032 0.1156 0.0016 2.3771 0.0938 2370.60 35.01 704.90 9.29 
z80-1 0.0658 0.0010 0.0930 0.0010 0.8511 0.0170 799.70 30.87 573.00 5.95 
z81-1 0.0645 0.0011 0.0997 0.0011 0.8703 0.0216 758.70 36.68 612.70 6.63 
z82-1 0.0599 0.0010 0.0931 0.0011 0.7948 0.0176 598.90 34.74 573.60 6.18 
z83-1 0.0580 0.0008 0.0924 0.0010 0.7230 0.0131 529.60 31.03 570.00 5.90 
z84-1 0.1230 0.0106 0.0862 0.0034 3.0289 0.5853 2000.60 145.40 533.10 20.15 
z85-1 0.0679 0.0009 0.1035 0.0011 0.9871 0.0162 866.00 26.14 635.00 6.25 
z86-1 0.0588 0.0009 0.0939 0.0010 0.7810 0.0153 558.00 31.97 578.70 5.96 
z87-1 0.0597 0.0009 0.0959 0.0010 0.8147 0.0168 590.80 32.91 590.50 6.08 
z88-1 0.0614 0.0010 0.0851 0.0011 0.7330 0.0152 654.50 32.76 526.80 6.21 
z89-1 0.0592 0.0010 0.0836 0.0009 0.6859 0.0146 573.30 34.86 517.30 5.54 
z90-1 0.0570 0.0011 0.0883 0.0011 0.7104 0.0183 491.30 41.17 545.30 6.30 
z91-1 0.0848 0.0015 0.0629 0.0008 0.7626 0.0183 1309.60 34.11 393.10 4.62 
z92-1 0.1172 0.0017 0.2312 0.0026 3.9025 0.1149 1913.20 25.60 1340.90 13.77 
z93-1 0.0772 0.0010 0.1610 0.0018 1.7811 0.0354 1126.30 25.76 962.60 9.72 
z94.1 0.0633 0.0026 0.0910 0.0016 0.8715 0.0554 718.80 85.47 561.60 9.36 
z95-1 0.0613 0.0013 0.1024 0.0012 0.8914 0.0274 651.20 44.32 628.30 7.24 
z96-1 0.0719 0.0024 0.1596 0.0026 1.6959 0.1095 982.10 67.72 954.40 14.15 
z97-1 0.0779 0.0011 0.1868 0.0021 2.0862 0.0495 1144.90 27.92 1104.10 11.20 
z98-1 0.0746 0.0011 0.1063 0.0012 1.0836 0.0227 1056.00 29.79 651.20 6.97 
z100-1 0.0596 0.0008 0.0985 0.0010 0.8120 0.0128 587.20 27.07 605.30 6.09 
z101-1 0.0541 0.0012 0.0646 0.0008 0.4992 0.0137 376.40 47.56 403.80 4.64 
z103-1 0.0544 0.0010 0.0593 0.0007 0.4493 0.0096 385.90 38.64 371.20 4.07 
z104-1 0.0875 0.0011 0.0422 0.0005 0.5181 0.0075 1371.30 23.73 266.60 2.88 
z105-1 0.1374 0.0025 0.0885 0.0011 1.6954 0.0496 2195.20 30.62 546.40 6.49 
z106-1 0.1088 0.0024 0.0898 0.0012 1.4081 0.0500 1780.00 39.03 554.60 7.07 
z107-1 0.0596 0.0008 0.0956 0.0010 0.8003 0.0123 590.50 26.89 588.80 5.72 
z108-1 0.0618 0.0009 0.0926 0.0010 0.7759 0.0144 665.40 30.26 571.00 6.03 
z109-1 0.0962 0.0012 0.1800 0.0019 2.4188 0.0456 1551.30 22.84 1067.10 10.46 
z110-1 0.0592 0.0012 0.0962 0.0012 0.8048 0.0235 575.10 43.93 591.80 6.76 
z111-1 0.1677 0.0032 0.0926 0.0013 2.2549 0.0758 2535.30 31.18 570.60 7.39 
z112-1 0.0701 0.0010 0.1335 0.0014 1.2502 0.0247 930.10 28.22 808.00 7.97 
z113-1 0.0585 0.0011 0.0963 0.0011 0.7819 0.0193 548.70 38.56 592.90 6.42 
z114-1 0.2621 0.0027 0.6229 0.0065 22.498 0.4515 3259.60 16.37 3121.40 25.65 
z115-1 0.1313 0.0014 0.3106 0.0034 5.7615 0.0895 2115.20 18.14 1743.70 16.70 
z116-1 0.0605 0.0009 0.0961 0.0010 0.7913 0.0146 621.90 30.37 591.50 5.99 
z117-1 0.1323 0.0052 0.1069 0.0023 2.0255 0.1542 2129.20 67.72 654.50 13.29 
z118-1 0.1015 0.0015 0.3103 0.0036 4.2902 0.1467 1651.50 27.95 1742.10 17.84 
z120-1 0.0691 0.0009 0.1441 0.0015 1.3750 0.0239 902.10 25.78 867.80 8.46 
z121-1 0.0656 0.0014 0.0948 0.0012 0.8808 0.0282 793.30 45.10 583.90 6.97 
z122-1 0.0881 0.0011 0.1992 0.0021 2.4730 0.0470 1384.90 23.23 1171.00 11.37 
z123-1 0.0897 0.0012 0.1844 0.0020 2.2091 0.0511 1417.90 26.26 1091.00 10.99 
z124-1 0.1750 0.0019 0.3493 0.0039 8.4019 0.1689 2606.10 18.16 1931.00 18.81 
z125-1 0.1150 0.0017 0.2504 0.0032 4.0063 0.1247 1879.80 26.65 1440.50 16.38 
z126-1 0.0627 0.0008 0.1203 0.0013 1.0324 0.0162 697.50 25.77 732.20 7.36 
z127-1 0.0607 0.0011 0.0989 0.0011 0.8413 0.0222 627.60 39.53 607.90 6.72 
z128-1 0.0885 0.0014 0.1862 0.0023 2.3964 0.0724 1393.10 30.88 1100.60 12.45 
z129-1 0.0778 0.0011 0.2004 0.0022 2.2614 0.0574 1141.10 28.52 1177.30 12.05 
z130-1 0.0595 0.0010 0.0817 0.0009 0.6924 0.0158 586.30 36.67 506.30 5.58 
z131-1 0.0925 0.0010 0.1610 0.0017 2.0313 0.0283 1477.20 20.60 962.40 9.34 
z132-1 0.0764 0.0011 0.1516 0.0017 1.6671 0.0364 1105.70 28.03 909.70 9.32 
z134-1 0.0592 0.0007 0.0962 0.0010 0.7798 0.0115 575.70 25.96 592.30 6.01 
z135-1 0.0591 0.0009 0.0941 0.0010 0.7631 0.0159 570.00 33.65 579.90 6.15 
z136-1 0.0989 0.0046 0.0846 0.0019 1.4214 0.1164 1604.30 84.40 523.30 11.01 
z137-1 0.1306 0.0016 0.3745 0.0041 6.9975 0.1878 2106.60 21.34 2050.50 19.28 
z138-1 0.0698 0.0014 0.0905 0.0011 0.9542 0.0285 922.40 40.79 558.60 6.54 
z140-1 0.0827 0.0012 0.2177 0.0025 2.5666 0.0698 1260.90 28.50 1269.50 13.01 






207Pb/235U Error  




±2 σ  
207Pb/235U Error  









z142-1 0.1358 0.0015 0.3394 0.0034 6.0434 0.1156 2174.80 19.40 1883.50 16.33 
z143-1 0.2857 0.0089 0.1537 0.0034 7.2317 0.6579 3394.10 47.86 921.60 19.05 
z144-1 0.0602 0.0010 0.0980 0.0011 0.8208 0.0194 611.80 36.47 602.70 6.36 
z145-1 0.1814 0.0021 0.5071 0.0052 13.409 0.3516 2665.40 18.65 2644.30 22.05 
z147-1 0.1038 0.0045 0.1731 0.0038 2.7073 0.2642 1693.90 78.16 1029.20 20.73 
z148-1 0.0757 0.0022 0.1477 0.0022 1.6574 0.0884 1087.30 56.97 888.20 12.29 
z149-1 0.1895 0.0021 0.4975 0.0050 13.432 0.2869 2737.60 17.69 2603.10 21.69 
z150-1 0.1384 0.0015 0.3750 0.0038 7.0323 0.1079 2207.60 18.10 2052.70 17.86 
z151-1 0.0918 0.0011 0.2610 0.0028 3.3228 0.0693 1463.50 23.01 1494.90 14.31 
z152-1 0.0913 0.0020 0.0924 0.0012 1.1565 0.0390 1452.60 40.89 569.60 7.17 
z153-1 0.3568 0.0036 0.7994 0.0083 40.353 0.7102 3736.30 15.32 3786.90 29.68 
z154-1 0.0813 0.0013 0.1608 0.0018 1.7649 0.0453 1228.30 30.23 961.40 10.21 
z155-1 0.1036 0.0013 0.0332 0.0003 0.4728 0.0066 1688.80 23.00 210.70 2.15 
z156-1 0.0931 0.0011 0.1778 0.0018 2.3306 0.0365 1490.10 21.29 1055.00 10.09 
z157-1 0.0799 0.0019 0.1495 0.0020 1.6728 0.0693 1193.20 45.30 898.30 11.40 
z158-1 0.0781 0.0016 0.1775 0.0022 1.9605 0.0740 1150.40 39.80 1053.20 12.22 
z159-1 0.0759 0.0009 0.1243 0.0014 1.3051 0.0217 1091.00 24.32 755.00 7.88 
Not Used 
z03-1 0.7266 0.0102 0.9150 0.0136 154.054 16.722 4784.30 19.90 4188.30 45.74 
z05-1 - 0.0330 - 24.401 - - 0.10 0.00 - - 
z06-1 1.7193 1.1327 - - - - 5988.20 685.2 - - 
z12-1 0.8849 0.0134 14.837 0.5642 - - 5065.00 21.22 - 229.7 
z20-1 0.5919 0.0903 0.7861 0.1196 23.254 27.659 4488.30 205.5 3739.10 431.7 
z58-1 0.5170 0.0240 0.9565 0.0441 - - 4290.50 66.44 4326.50 145.4 
z79-1 1.2049 0.1948 0.8841 0.1653 - - 5497.90 207.6 4083.50 565.4 
z99-1 0.0706 0.0045 0.0951 0.0024 1.1317 0.1190 945.10 124.5 585.70 14.10 
z102-1 0.5666 0.0115 0.3281 0.0059 38.4478 4.1205 4424.50 29.28 1828.90 28.62 
z119-1 0.6896 0.0163 0.5308 0.0121 71.1527 11.463 4709.30 33.62 2744.80 51.00 
z133-1 0.6707 0.0247 0.2926 0.0094 20.7865 3.2128 4669.20 52.14 1654.70 47.09 
z139-1 0.6467 0.1049 0.0827 0.0103 - - 4616.70 216.0 512.00 61.44 
z146-1 0.1314 0.0078 0.1244 0.0037 2.8223 0.3878 2116.20 100.6 755.60 21.40 
 
Spot No. Preferred age (Ma) Error ± (Ma) rho Conc. 
z01-1 543.70 9.51 0.28 50 
z02-1 475.60 4.99 0.54 106 
z04-1 3401.80 56.50 0.28 24 
z06-1 2623.30 18.17 0.57 69 
z07-1 2088.40 19.16 0.57 94 
z08-1 1562.90 21.20 0.81 20 
z09-1 524.90 5.43 0.65 78 
z10-1 3352.60 17.63 0.39 72 
z11-1 576.10 6.13 0.50 74 
z13-1 619.80 6.51 0.56 100 
z14-1 453.00 4.98 0.54 58 
z15-1 572.30 6.32 0.56 73 
z16-1 2238.10 18.84 0.64 60 
z17-1 628.20 6.93 0.45 97 
z18-1 2832.50 44.77 0.30 22 
z19-1 1106.90 11.27 0.46 97 
z21-1 1069.60 11.28 0.42 99 
z22-1 1715.70 20.57 0.78 27 
z23-1 534.90 8.51 0.30 60 
z24-1 1630.80 23.04 0.46 101 
z25-1 567.70 6.12 0.50 111 
z26-1 1293.50 13.50 0.36 98 
z27-1 2692.10 18.03 0.44 101 
z28-1 2116.00 63.28 0.26 32 
z29-1 3390.80 41.51 0.12 77 
z30-1 1589.40 22.75 0.52 77 
z31-1 1165.80 11.34 0.62 111 
z32-1 2361.70 25.70 0.26 93 
z33-1 506.50 6.14 0.41 50 
z34-1 2483.80 18.34 0.50 98 




Spot No. Preferred age (Ma) Error ± (Ma) rho Conc. 
z36-1 592.20 7.04 0.38 95 
z37-1 2232.80 18.30 0.59 98 
z38-1 752.10 8.14 0.41 103 
z39-1 527.20 6.17 0.41 76 
z40-1 331.40 3.59 0.56 24 
z41-1 2651.90 19.41 0.37 93 
z42-1 512.10 7.46 0.36 58 
z43-1 998.10 10.42 0.40 100 
z44-1 1199.90 11.73 0.51 104 
z45-1 2488.90 95.30 0.28 25 
z46-1 544.50 7.13 0.35 63 
z47-1 576.30 5.91 0.65 77 
z48-1 1511.90 63.36 0.30 35 
z49-1 1846.00 19.85 0.79 32 
z50-1 634.40 7.09 0.57 85 
z51-1 2230.40 19.30 0.51 95 
z52-1 536.60 6.00 0.48 51 
z53-1 1086.00 10.89 0.41 87 
z54-1 571.40 6.28 0.46 85 
z55-1 564.40 6.34 0.50 51 
z56-1 516.20 5.24 0.77 47 
z57-1 2661.20 17.21 0.56 100 
z59-1 1522.90 21.57 0.81 21 
z60-1 524.20 5.91 0.43 111 
z61-1 864.50 9.83 0.37 76 
z62-1 1508.10 17.16 0.28 104 
z63-1 870.10 8.70 0.56 86 
z64-1 2257.80 18.57 0.65 60 
z65-1 3454.90 16.00 0.54 86 
z66-1 1117.90 11.26 0.45 94 
z67-1 1158.30 15.39 0.30 85 
z68-1 575.80 5.80 0.74 62 
z69-1 1404.30 14.15 0.42 98 
z70-1 2539.20 62.66 0.28 24 
z71-1 582.60 6.27 0.50 118 
z72-1 1790.90 20.88 0.56 85 
z73-1 305.30 3.32 0.73 24 
z74-1 2724.60 52.07 0.29 23 
z75-1 480.40 5.01 0.66 56 
z76-1 400.00 4.75 0.49 50 
z77-1 825.20 8.30 0.62 97 
z78-1 2370.60 35.01 0.35 30 
z80-1 573.00 5.95 0.54 72 
z81-1 612.70 6.63 0.46 81 
z82-1 573.60 6.18 0.51 96 
z83-1 570.00 5.90 0.60 108 
z84-1 2000.60 145.40 0.20 27 
z85-1 635.00 6.25 0.63 73 
z86-1 578.70 5.96 0.55 104 
z87-1 590.50 6.08 0.52 100 
z88-1 526.80 6.21 0.60 80 
z89-1 517.30 5.54 0.52 90 
z90-1 545.30 6.30 0.47 111 
z91-1 393.10 4.62 0.51 30 
z92-1 1913.20 25.60 0.39 70 
z93-1 962.60 9.72 0.55 85 
z94.1 561.60 9.36 0.27 78 
z95-1 628.30 7.24 0.39 96 
z96-1 954.40 14.15 0.25 97 
z97-1 1104.10 11.20 0.46 96 
z98-1 651.20 6.97 0.54 62 
z100-1 605.30 6.09 0.67 103 
z101-1 403.80 4.64 0.43 107 
z103-1 371.20 4.07 0.53 96 
z104-1 266.60 2.88 0.76 19 
z105-1 2195.20 30.62 0.43 25 




Spot No. Preferred age (Ma) Error ± (Ma) rho Conc. 
z107-1 588.80 5.72 0.66 100 
z108-1 571.00 6.03 0.59 86 
z109-1 1551.30 22.84 0.56 69 
z110-1 591.80 6.76 0.41 103 
z111-1 2535.30 31.18 0.40 23 
z112-1 808.00 7.97 0.53 87 
z113-1 592.90 6.42 0.46 108 
z114-1 3259.60 16.37 0.52 96 
z115-1 2115.20 18.14 0.70 82 
z116-1 591.50 5.99 0.57 95 
z117-1 2129.20 67.72 0.28 31 
z118-1 1651.50 27.95 0.34 105 
z120-1 867.80 8.46 0.60 96 
z121-1 583.90 6.97 0.39 74 
z122-1 1171.00 11.37 0.56 85 
z123-1 1091.00 10.99 0.47 77 
z124-1 2606.10 18.16 0.56 74 
z125-1 1879.80 26.65 0.41 77 
z126-1 732.20 7.36 0.68 105 
z127-1 607.90 6.72 0.44 97 
z128-1 1100.60 12.45 0.41 79 
z129-1 1177.30 12.05 0.44 103 
z130-1 506.30 5.58 0.50 86 
z131-1 962.40 9.34 0.75 65 
z132-1 909.70 9.32 0.50 82 
z134-1 592.30 6.01 0.72 103 
z135-1 579.90 6.15 0.53 102 
z136-1 1604.30 84.40 0.27 33 
z137-1 2106.60 21.34 0.41 97 
z138-1 558.60 6.54 0.41 61 
z140-1 1269.50 13.01 0.42 101 
z141-1 3040.30 16.24 0.69 67 
z142-1 2174.80 19.40 0.52 87 
z143-1 3394.10 47.86 0.24 27 
z144-1 602.70 6.36 0.47 99 
z145-1 2665.40 18.65 0.39 99 
z147-1 1693.90 78.16 0.22 61 
z148-1 888.20 12.29 0.28 82 
z149-1 2737.60 17.69 0.47 95 
z150-1 2207.60 18.10 0.66 93 
z151-1 1494.90 14.31 0.51 102 
z152-1 569.60 7.17 0.39 39 
z153-1 3736.30 15.32 0.59 101 
z154-1 961.40 10.21 0.45 78 
z155-1 1688.80 23.00 0.73 12 
z156-1 1055.00 10.09 0.66 71 
z157-1 898.30 11.40 0.33 75 
z158-1 1053.20 12.22 0.33 92 
z159-1 755.00 7.88 0.66 69 
Not Used  
z03-1     0.14 88 
z05-1     - - 
z06-1     - - 
z12-1     - - 
z20-1     0.13 83 
z58-1     - 101 
z79-1     - 74 
z99-1     0.24 62 
z102-1     0.17 41 
z119-1     0.14 58 
z133-1     0.21 35 
z139-1     - 11 






Waterloo Bay Section - unit 5 
Spot 
No. 
207Pb/235U Error  
±2 σ  
206Pb/238U Error  
±2 σ  
207Pb/235U Error  









Z02-1 0.1739 0.0018 0.4542 0.0052 10.881 0.1253 2595.80 17.48 2413.80 22.82 
Z04-1 0.0592 0.0007 0.0951 0.0011 0.7758 0.0094 574.70 24.33 585.80 6.34 
Z05-1 0.1538 0.0016 0.3414 0.0038 7.2330 0.0818 2388.90 17.41 1893.30 18.44 
Z06-1 0.0588 0.0007 0.0978 0.0011 0.7915 0.0097 559.30 24.69 601.20 6.51 
Z07-1 0.0589 0.0008 0.1010 0.0012 0.8195 0.0114 564.30 29.17 620.10 6.85 
Z08-1 0.0571 0.0008 0.0829 0.0010 0.6525 0.0094 496.30 30.53 513.40 5.74 
Z09-1 0.0728 0.0008 0.1837 0.0021 1.8428 0.0227 1009.10 23.21 1087.20 11.40 
Z10-1 0.0878 0.0012 0.2628 0.0031 3.1796 0.0445 1378.70 25.73 1504.30 15.89 
Z11-1 0.0725 0.0008 0.1862 0.0021 1.8609 0.0225 999.70 22.64 1100.90 11.52 
Z12-1 0.1064 0.0011 0.2084 0.0024 3.0568 0.0357 1738.80 19.58 1220.30 12.63 
Z13-1 0.0741 0.0010 0.1942 0.0023 1.9847 0.0266 1045.00 25.62 1144.30 12.21 
Z14-1 0.0574 0.0008 0.0965 0.0011 0.7639 0.0113 508.10 30.90 593.70 6.66 
Z15-1 0.0741 0.0011 0.1854 0.0022 1.8930 0.0279 1043.70 28.72 1096.30 12.02 
Z16-1 0.1811 0.0019 0.4812 0.0055 12.015 0.1388 2663.20 17.46 2532.70 23.90 
Z17-1 0.0814 0.0009 0.1026 0.0012 1.1516 0.0135 1231.50 21.07 629.70 6.80 
Z18-1 0.0568 0.0006 0.1004 0.0011 0.7851 0.0096 481.10 25.08 616.50 6.68 
Z19-1 0.0746 0.0008 0.1866 0.0021 1.9172 0.0227 1056.00 22.13 1102.80 11.50 
Z20-1 0.0622 0.0008 0.1023 0.0012 0.8771 0.0113 681.80 25.89 627.60 6.87 
Z21-1 0.1113 0.0012 0.3377 0.0039 5.1805 0.0596 1820.80 18.84 1875.40 18.59 
Z22-1 0.1789 0.0020 0.5186 0.0061 12.788 0.1517 2642.60 17.99 2693.30 25.67 
Z23-1 0.1136 0.0013 0.3194 0.0037 5.0023 0.0606 1857.90 20.12 1787.00 18.11 
Z24-1 0.1190 0.0013 0.3845 0.0044 6.3092 0.0745 1941.70 19.22 2097.40 20.64 
Z25-1 0.2068 0.0021 0.5703 0.0065 16.259 0.1833 2881.00 16.38 2908.80 26.67 
Z26-1 0.0666 0.0009 0.1230 0.0015 1.1293 0.0158 825.40 27.62 747.90 8.32 
Z27-1 0.0575 0.0011 0.0978 0.0012 0.7748 0.0141 510.30 39.86 601.30 7.14 
Z28-1 0.1431 0.0016 0.4318 0.0050 8.5198 0.1010 2265.50 18.65 2313.90 22.52 
Z29-1 0.1315 0.0024 0.0615 0.0008 1.1148 0.0195 2118.50 31.34 384.70 5.00 
Z30-1 0.1210 0.0013 0.4051 0.0047 6.7553 0.0790 1970.70 18.91 2192.40 21.37 
Z31-1 0.0744 0.0010 0.1466 0.0017 1.5040 0.0204 1053.10 25.81 881.70 9.65 
Z32-1 0.0595 0.0008 0.1013 0.0012 0.8315 0.0121 586.00 30.18 622.20 6.98 
Z33-1 0.0602 0.0009 0.0888 0.0011 0.7364 0.0111 609.80 31.20 548.30 6.23 
Z34-1 0.0685 0.0008 0.1243 0.0014 1.1740 0.0153 884.10 25.13 755.30 8.25 
Z35-1 0.0597 0.0008 0.0987 0.0012 0.8123 0.0119 593.80 30.24 606.50 6.82 
Z36-1 0.2327 0.0025 0.6293 0.0073 20.188 0.2346 3070.80 16.82 3146.70 28.68 
Z37-1 0.1111 0.0012 0.3557 0.0041 5.4477 0.0631 1817.40 19.00 1961.80 19.26 
Z38-1 0.0714 0.0010 0.1704 0.0020 1.6759 0.0240 967.60 27.96 1014.10 11.12 
Z39-1 0.0589 0.0007 0.0960 0.0011 0.7795 0.0094 562.60 24.01 591.10 6.44 
Z40-1 0.1448 0.0015 0.4068 0.0046 8.1206 0.0923 2285.20 17.56 2200.50 21.14 
Z41-1 0.0598 0.0010 0.1110 0.0013 0.9153 0.0155 597.40 36.08 678.40 7.79 
Z42-1 0.0650 0.0011 0.1121 0.0014 1.0034 0.0165 772.60 33.92 684.80 7.84 
Z43-1 0.0584 0.0009 0.1010 0.0012 0.8130 0.0126 544.10 32.90 620.40 6.99 
Z44-1 0.1848 0.0020 0.5338 0.0061 13.598 0.1587 2696.30 17.68 2757.60 25.60 
Z45-1 0.0708 0.0009 0.1675 0.0019 1.6351 0.0208 951.80 24.41 998.40 10.58 
Z46-1 0.0565 0.0012 0.0982 0.0013 0.7644 0.0163 471.10 47.62 603.50 7.41 
Z47-1 0.0599 0.0008 0.0973 0.0011 0.8036 0.0112 600.60 28.72 598.50 6.61 
Z48-1 0.0582 0.0007 0.0963 0.0011 0.7724 0.0102 535.80 27.73 592.70 6.48 
Z49-1 0.0575 0.0012 0.0981 0.0012 0.7784 0.0158 511.80 44.65 603.50 7.30 
Z50-1 0.0581 0.0009 0.0902 0.0011 0.7221 0.0113 531.60 33.54 556.90 6.31 
Z51-1 0.1863 0.0020 0.4712 0.0055 12.102 0.1450 2710.10 17.96 2488.70 24.05 
Z52-1 0.0946 0.0039 0.0860 0.0017 1.1203 0.0434 1519.20 75.95 531.60 10.22 
Z53-1 0.1113 0.0012 0.3414 0.0039 5.2375 0.0620 1820.80 19.39 1893.20 18.85 
Z54-1 0.0602 0.0009 0.0993 0.0012 0.8229 0.0126 608.80 31.65 610.10 6.95 
Z55-1 0.0609 0.0007 0.0950 0.0011 0.7968 0.0101 634.50 25.03 584.90 6.45 
Z56-1 0.0766 0.0013 0.0946 0.0012 0.9988 0.0166 1110.80 32.57 582.70 6.91 
Z57-1 0.0591 0.0008 0.0859 0.0010 0.6998 0.0102 570.10 29.99 531.40 6.02 
Z58-1 0.1166 0.0012 0.3013 0.0035 4.8408 0.0563 1903.90 18.72 1697.80 17.07 
Z59-1 0.0581 0.0009 0.1031 0.0012 0.8259 0.0130 532.90 33.51 632.70 7.23 
Z60-1 0.0606 0.0011 0.1028 0.0013 0.8587 0.0160 625.80 39.57 630.60 7.55 
Z61-1 0.0587 0.0007 0.0951 0.0011 0.7691 0.0097 555.60 25.36 585.30 6.40 
Z62-1 0.1097 0.0012 0.3577 0.0041 5.4112 0.0645 1795.00 19.79 1971.10 19.41 
Z63-1 0.0607 0.0007 0.0913 0.0011 0.7631 0.0098 626.90 25.74 563.00 6.19 
Z64-1 0.0565 0.0010 0.0979 0.0012 0.7625 0.0134 471.00 38.42 602.10 7.00 
Z65-1 0.0582 0.0008 0.1093 0.0013 0.8762 0.0123 535.30 29.66 668.50 7.40 






207Pb/235U Error  
±2 σ  
206Pb/238U Error  
±2 σ  
207Pb/235U Error  









Z67-1 0.0603 0.0009 0.0980 0.0012 0.8147 0.0128 614.40 32.78 602.70 6.87 
Z68-1 0.0986 0.0011 0.2963 0.0034 4.0259 0.0501 1597.00 21.45 1672.90 17.01 
Z69-1 0.0787 0.0013 0.2149 0.0027 2.3317 0.0391 1164.50 32.53 1254.90 14.20 
Z70-1 0.0753 0.0009 0.1892 0.0022 1.9634 0.0241 1075.40 22.59 1117.20 11.73 
Z71-1 0.2150 0.0023 0.5622 0.0065 16.660 0.1945 2943.40 17.12 2875.70 26.81 
Z72-1 0.0686 0.0010 0.1499 0.0018 1.4172 0.0210 886.60 29.37 900.20 10.03 
Z73-1 0.0591 0.0010 0.0942 0.0011 0.7674 0.0127 570.50 34.95 580.40 6.72 
Z74-1 0.0598 0.0007 0.1020 0.0012 0.8398 0.0109 594.50 26.28 625.80 6.88 
Z75-1 0.1075 0.0013 0.3307 0.0039 4.8978 0.0639 1756.60 22.35 1841.60 18.94 
Z76-1 0.1057 0.0012 0.2930 0.0034 4.2708 0.0531 1727.20 21.10 1656.50 16.98 
Z77-1 0.0575 0.0008 0.0907 0.0011 0.7183 0.0105 508.90 30.55 559.60 6.32 
Z79-1 0.0796 0.0012 0.2118 0.0026 2.3249 0.0353 1187.50 28.96 1238.60 13.68 
Z80-1 0.1224 0.0013 0.1889 0.0022 3.1887 0.0374 1992.10 18.94 1115.50 11.72 
Z81-1 0.2076 0.0021 0.4900 0.0055 14.022 0.1577 2886.80 16.62 2570.60 23.67 
Z82-1 0.0680 0.0015 0.0929 0.0012 0.8707 0.0182 867.70 43.58 572.80 7.14 
Z83-1 0.0706 0.0010 0.1331 0.0016 1.2950 0.0183 945.10 27.79 805.60 8.81 
Z84-1 0.0594 0.0013 0.0944 0.0012 0.7726 0.0161 580.70 45.39 581.50 7.12 
Z85-1 0.1588 0.0017 0.4930 0.0056 10.792 0.1244 2442.90 17.90 2583.60 23.99 
Z86-1 0.1988 0.0021 0.4738 0.0053 12.986 0.1472 2816.30 16.91 2500.40 23.23 
Z87-1 0.0597 0.0010 0.0930 0.0011 0.7652 0.0126 593.00 34.37 573.20 6.54 
Z88-1 0.0618 0.0010 0.0981 0.0012 0.8357 0.0138 667.80 34.62 603.10 6.89 
Z90-1 0.1780 0.0019 0.4810 0.0054 11.805 0.1344 2634.60 17.30 2531.60 23.50 
Z91-1 0.0600 0.0008 0.1043 0.0012 0.8622 0.0115 602.60 27.12 639.40 7.01 
Z92-1 0.0597 0.0011 0.0924 0.0012 0.7613 0.0141 593.90 39.40 569.90 6.76 
Z93-1 0.0819 0.0010 0.1763 0.0021 1.9913 0.0265 1243.30 24.49 1046.90 11.24 
Z94-1 0.0563 0.0010 0.0992 0.0012 0.7693 0.0132 461.30 37.31 609.70 7.04 
Z95-1 0.0623 0.0010 0.1043 0.0013 0.8953 0.0142 684.00 32.70 639.30 7.27 
Z96-1 0.1071 0.0018 0.1378 0.0018 2.0342 0.0337 1750.00 30.12 832.30 9.90 
Z97-1 0.0583 0.0009 0.0967 0.0012 0.7767 0.0123 539.50 34.01 594.90 6.76 
Z98-1 0.1944 0.0021 0.5461 0.0063 14.638 0.1725 2779.90 17.57 2808.80 26.08 
Z99-1 0.0697 0.0010 0.1305 0.0015 1.2536 0.0181 919.30 28.29 790.50 8.75 
Z100-
1 0.0655 0.0011 0.0932 0.0011 0.8419 0.0140 789.90 34.16 574.70 6.67 
Z101-
1 0.0595 0.0009 0.1008 0.0012 0.8265 0.0127 586.20 32.23 618.90 7.01 
Z102-
1 0.0627 0.0009 0.0923 0.0011 0.7968 0.0122 696.50 31.49 569.20 6.48 
Z103-
1 0.0580 0.0013 0.0890 0.0012 0.7115 0.0159 529.30 49.31 549.80 6.94 
Z104-
1 0.0539 0.0009 0.0611 0.0007 0.4531 0.0079 364.50 38.65 382.10 4.50 
Z105-
1 0.1448 0.0016 0.4568 0.0053 9.1113 0.1098 2285.10 19.00 2425.20 23.32 
Z106-
1 0.0691 0.0017 0.0987 0.0014 0.9398 0.0225 902.50 49.81 606.60 8.05 
Z107-
1 0.0746 0.0009 0.1792 0.0021 1.8410 0.0232 1057.00 23.72 1062.30 11.25 
Z108-
1 0.0575 0.0008 0.0840 0.0010 0.6652 0.0101 509.90 31.57 519.80 5.89 
Z109-
1 0.0831 0.0009 0.2056 0.0024 2.3537 0.0289 1271.50 21.90 1205.20 12.58 
Z110-
1 0.0792 0.0010 0.2158 0.0025 2.3535 0.0311 1176.10 24.50 1259.50 13.31 
Z111-
1 0.0723 0.0011 0.1771 0.0021 1.7654 0.0277 995.40 30.86 1051.30 11.73 
Not Used  
Z01-1 0.8020 0.0111 318.09 50.211 - - 4925.40 19.52 - 1014.4 
Z03-1 - 0.9560 - 11.289 552.14 196.29 0.10 3784 - - 
Z78-1 0.7929 0.0085 6.3582 0.0862 694.98 9.2876 4909.00 15.18 - 75.54 







Spot No. Preferred age (Ma) Error ± (Ma) rho Conc. 
Z02-1 2595.80 17.48 0.98 93 
Z04-1 585.80 6.34 0.93 102 
Z05-1 2388.90 17.41 0.99 79 
Z06-1 601.20 6.51 0.93 107 
Z07-1 620.10 6.85 0.83 110 
Z08-1 513.40 5.74 0.81 103 
Z09-1 1087.20 11.40 0.92 108 
Z10-1 1504.30 15.89 0.84 109 
Z11-1 1100.90 11.52 0.94 110 
Z12-1 1738.80 19.58 0.97 70 
Z13-1 1144.30 12.21 0.87 110 
Z14-1 593.70 6.66 0.80 117 
Z15-1 1096.30 12.02 0.81 105 
Z16-1 2663.20 17.46 0.99 95 
Z17-1 629.70 6.80 0.96 51 
Z18-1 616.50 6.68 0.93 128 
Z19-1 1102.80 11.50 0.96 104 
Z20-1 627.60 6.87 0.88 92 
Z21-1 1820.80 18.84 0.99 103 
Z22-1 2642.60 17.99 0.98 102 
Z23-1 1857.90 20.12 0.96 96 
Z24-1 1941.70 19.22 0.98 108 
Z25-1 2881.00 16.38 0.99 101 
Z26-1 747.90 8.32 0.85 91 
Z27-1 601.30 7.14 0.68 118 
Z28-1 2265.50 18.65 0.98 102 
Z29-1 2118.50 31.34 0.76 18 
Z30-1 1970.70 18.91 0.98 111 
Z31-1 881.70 9.65 0.87 84 
Z32-1 622.20 6.98 0.81 106 
Z33-1 548.30 6.23 0.79 90 
Z34-1 755.30 8.25 0.89 85 
Z35-1 606.50 6.82 0.80 102 
Z36-1 3070.80 16.82 0.99 102 
Z37-1 1817.40 19.00 0.98 108 
Z38-1 1014.10 11.12 0.83 105 
Z39-1 591.10 6.44 0.94 105 
Z40-1 2285.20 17.56 1.00 96 
Z41-1 678.40 7.79 0.71 114 
Z42-1 684.80 7.84 0.73 89 
Z43-1 620.40 6.99 0.76 114 
Z44-1 2696.30 17.68 0.98 102 
Z45-1 998.40 10.58 0.90 105 
Z46-1 603.50 7.41 0.60 128 
Z47-1 598.50 6.61 0.83 100 
Z48-1 592.70 6.48 0.87 111 
Z49-1 603.50 7.30 0.62 118 
Z50-1 556.90 6.31 0.76 105 
Z51-1 2710.10 17.96 0.97 92 
Z52-1 1519.20 75.95 0.52 35 
Z53-1 1820.80 19.39 0.97 104 
Z54-1 610.10 6.95 0.78 100 
Z55-1 584.90 6.45 0.92 92 
Z56-1 582.70 6.91 0.74 52 
Z57-1 531.40 6.02 0.81 93 
Z58-1 1903.90 18.72 0.98 89 
Z59-1 632.70 7.23 0.77 119 
Z60-1 630.60 7.55 0.67 101 
Z61-1 585.30 6.40 0.91 105 
Z62-1 1795.00 19.79 0.96 110 
Z63-1 563.00 6.19 0.90 90 
Z64-1 602.10 7.00 0.69 128 
Z65-1 668.50 7.40 0.83 125 
Z66-1 1263.70 13.41 0.87 104 
Z67-1 602.70 6.87 0.76 98 
Z68-1 1597.00 21.45 0.93 105 




Spot No. Preferred age (Ma) Error ± (Ma) Rho Conc. 
Z70-1 1117.20 11.73 0.93 104 
Z71-1 2943.40 17.12 0.99 98 
Z72-1 900.20 10.03 0.81 102 
Z73-1 580.40 6.72 0.73 102 
Z74-1 625.80 6.88 0.90 105 
Z75-1 1756.60 22.35 0.91 105 
Z76-1 1727.20 21.10 0.94 96 
Z77-1 559.60 6.32 0.80 110 
Z79-1 1238.60 13.68 0.80 104 
Z80-1 1992.10 18.94 0.98 56 
Z81-1 2886.80 16.62 0.99 89 
Z82-1 572.80 7.14 0.62 66 
Z83-1 805.60 8.81 0.83 85 
Z84-1 581.50 7.12 0.61 100 
Z85-1 2442.90 17.90 0.98 106 
Z86-1 2816.30 16.91 0.99 89 
Z87-1 573.20 6.54 0.73 97 
Z88-1 603.10 6.89 0.72 90 
Z90-1 2634.60 17.30 0.99 96 
Z91-1 639.40 7.01 0.86 106 
Z92-1 569.90 6.76 0.67 96 
Z93-1 1046.90 11.24 0.87 84 
Z94-1 609.70 7.04 0.71 132 
Z95-1 639.30 7.27 0.76 93 
Z96-1 1750.00 30.12 0.77 48 
Z97-1 594.90 6.76 0.75 110 
Z98-1 2779.90 17.57 0.97 101 
Z99-1 790.50 8.75 0.81 86 
Z100-1 574.70 6.67 0.73 73 
Z101-1 618.90 7.01 0.77 106 
Z102-1 569.20 6.48 0.78 82 
Z103-1 549.80 6.94 0.59 104 
Z104-1 382.10 4.50 0.69 105 
Z105-1 2285.10 19.00 0.96 106 
Z106-1 606.60 8.05 0.58 67 
Z107-1 1062.30 11.25 0.91 101 
Z108-1 519.80 5.89 0.78 102 
Z109-1 1205.20 12.58 0.93 95 
Z110-1 1259.50 13.31 0.88 107 
Z111-1 1051.30 11.73 0.77 106 
          
Z01-1     - - 
Z03-1     - - 
Z78-1     0.99 - 






Arckaringa Basin – Boorthanna Formation 
Mount Dutton Section 
Spot 
No. 
207Pb/235U Error  




±2 σ  
207Pb/235U Error  









Z1 0.0996 0.0012 0.2706 0.0037 3.7168 0.0556 1617.10 23.03 1544.00 18.81 
Z2 0.0757 0.0010 0.1614 0.0022 1.6842 0.0256 1086.50 25.23 964.80 12.30 
Z3 0.0615 0.0011 0.0904 0.0013 0.7663 0.0148 657.10 37.61 557.80 7.68 
Z4 0.0679 0.0009 0.1241 0.0017 1.1607 0.0185 864.70 27.86 753.90 9.90 
Z5 0.0909 0.0012 0.1447 0.0020 1.8133 0.0280 1444.20 24.15 871.40 11.33 
Z6 0.1088 0.0014 0.2975 0.0042 4.4622 0.0686 1779.30 22.85 1679.10 20.60 
Z7 0.0839 0.0012 0.2194 0.0031 2.5374 0.0417 1290.20 26.88 1278.70 16.42 
Z8 0.0982 0.0013 0.2802 0.0039 3.7930 0.0596 1590.40 23.84 1592.20 19.82 
Z9 0.0679 0.0012 0.0896 0.0013 0.8378 0.0166 863.80 36.87 553.10 7.83 
Z10 0.1091 0.0014 0.2924 0.0042 4.3963 0.0710 1783.80 23.98 1653.60 20.71 
Z11 0.0604 0.0008 0.0949 0.0013 0.7900 0.0129 617.50 29.57 584.30 7.83 
Z12 0.1079 0.0014 0.3055 0.0043 4.5446 0.0700 1764.00 22.81 1718.60 21.12 
Z13 0.1446 0.0074 0.1435 0.0041 2.8595 0.1352 2282.90 85.61 864.10 23.13 
Z14 0.1842 0.0024 0.4378 0.0062 11.117 0.1749 2690.80 21.23 2340.80 27.93 
Z15 0.0681 0.0012 0.1332 0.0020 1.2503 0.0241 871.40 35.62 806.00 11.19 
Z16 0.0794 0.0011 0.1958 0.0028 2.1440 0.0355 1183.00 27.33 1152.50 15.12 
Z17 0.0626 0.0013 0.0880 0.0014 0.7596 0.0170 694.70 44.44 543.80 8.01 
Z18 0.0755 0.0018 0.1150 0.0019 1.1962 0.0292 1080.70 46.61 701.70 10.73 
Z19 0.0600 0.0010 0.0997 0.0015 0.8250 0.0154 604.60 35.26 612.60 8.63 
Z20 0.0782 0.0012 0.1887 0.0028 2.0346 0.0362 1152.30 29.96 1114.40 15.08 
Z22 0.1070 0.0012 0.3074 0.0046 4.5362 0.0699 1749.40 20.98 1728.00 22.65 
Z23 0.1124 0.0012 0.2921 0.0043 4.5249 0.0674 1837.90 19.37 1652.00 21.58 
Z24 0.0598 0.0009 0.0923 0.0014 0.7615 0.0133 597.20 31.08 569.30 8.25 
Z26 0.1802 0.0022 0.2383 0.0036 5.9203 0.0928 2654.70 19.99 1377.90 18.82 
Z27 0.0679 0.0010 0.0920 0.0014 0.8611 0.0154 864.60 30.97 567.50 8.29 
Z28 0.0591 0.0007 0.0916 0.0014 0.7464 0.0118 572.10 26.08 564.70 8.05 
Z31 0.0637 0.0008 0.1041 0.0014 0.9155 0.0131 730.20 25.85 638.10 7.95 
Z32 0.0622 0.0008 0.0735 0.0010 0.6315 0.0094 681.20 27.78 456.90 5.81 
Z33 0.0848 0.0015 0.1835 0.0026 2.1488 0.0400 1309.60 34.00 1085.80 14.04 
Z34 0.1045 0.0011 0.2971 0.0039 4.2894 0.0569 1704.80 19.96 1676.90 19.19 
Z35 0.0583 0.0009 0.0799 0.0011 0.6436 0.0112 540.30 35.55 495.40 6.44 
Z37 0.0886 0.0022 0.0912 0.0014 1.1169 0.0275 1395.20 46.52 562.70 8.31 
Z38 0.1119 0.0019 0.2831 0.0041 4.3773 0.0788 1830.10 30.66 1606.90 20.45 
Z39 0.1041 0.0011 0.2948 0.0038 4.2438 0.0558 1699.20 19.71 1665.60 19.04 
Z40 0.0708 0.0014 0.0924 0.0013 0.9041 0.0189 952.70 40.85 569.40 7.79 
Z41 0.1048 0.0011 0.3139 0.0044 4.5345 0.0629 1710.70 19.31 1759.70 21.44 
Z42 0.0789 0.0009 0.1988 0.0028 2.1618 0.0306 1168.80 21.59 1169.00 14.92 
Z43 0.0680 0.0009 0.1483 0.0021 1.3911 0.0223 869.60 27.74 891.50 11.85 
Z44 0.0698 0.0009 0.1112 0.0016 1.0698 0.0167 922.80 26.49 679.50 9.14 
Z45 0.4013 0.0058 0.1622 0.0026 8.9730 0.1418 3913.80 21.66 969.00 14.13 
Z46 0.1053 0.0011 0.3152 0.0044 4.5739 0.0643 1719.10 19.83 1766.00 21.59 
Z47 0.1395 0.0015 0.3798 0.0053 7.3036 0.1008 2220.80 18.03 2075.40 24.71 
Z48 0.1125 0.0013 0.3081 0.0043 4.7811 0.0681 1840.90 20.00 1731.60 21.30 
Z49 0.0645 0.0011 0.0852 0.0013 0.7569 0.0146 756.80 36.99 526.90 7.46 
Z50 0.0591 0.0007 0.1029 0.0014 0.8381 0.0124 570.40 24.84 631.30 8.42 
Z51 0.1119 0.0013 0.2995 0.0042 4.6211 0.0660 1830.20 20.09 1689.10 20.83 
Z52 0.1840 0.0019 0.4035 0.0056 10.233 0.1409 2688.80 17.06 2185.00 25.78 
Z53 0.1063 0.0012 0.3097 0.0043 4.5401 0.0650 1737.20 20.41 1739.30 21.38 
Z54 0.1071 0.0011 0.2642 0.0037 3.9025 0.0543 1750.90 19.17 1511.40 18.75 
Z55 0.0614 0.0009 0.0854 0.0012 0.7222 0.0119 651.60 29.97 528.10 7.22 
Z56 0.1140 0.0012 0.3012 0.0042 4.7351 0.0667 1864.50 19.50 1697.20 20.85 
Z57 0.1074 0.0012 0.3086 0.0043 4.5693 0.0639 1755.30 19.40 1734.00 21.19 
Z58 0.0796 0.0009 0.2097 0.0029 2.3016 0.0332 1186.80 22.21 1227.40 15.64 
Z59 0.0577 0.0007 0.0880 0.0012 0.6993 0.0108 516.40 27.83 543.50 7.34 
Z60 0.0646 0.0014 0.0958 0.0015 0.8523 0.0189 759.80 43.86 589.50 8.60 
Z61 0.1804 0.0021 0.4061 0.0059 10.102 0.1507 2656.70 19.14 2197.20 27.25 
Z62 0.1148 0.0012 0.1681 0.0024 2.6597 0.0376 1876.00 18.56 1001.70 13.25 
Z63 0.0992 0.0015 0.1691 0.0026 2.3119 0.0408 1608.20 28.49 1007.30 14.10 
Z64 0.2082 0.0043 0.1268 0.0022 3.6401 0.0759 2891.90 33.20 769.60 12.73 
Z65 0.0691 0.0008 0.0832 0.0012 0.7930 0.0118 902.10 23.23 515.40 7.12 






207Pb/235U Error  




±2 σ  
207Pb/235U Error  









Z67 0.0723 0.0010 0.1158 0.0017 1.1543 0.0190 994.30 27.63 706.40 9.81 
Z68 0.0619 0.0008 0.0958 0.0014 0.8172 0.0134 670.60 28.63 589.50 8.21 
Z69 0.2706 0.0030 0.6631 0.0097 24.739 0.3587 3309.60 17.06 3279.10 37.40 
Z70 0.0598 0.0010 0.0915 0.0014 0.7544 0.0146 595.10 37.64 564.60 8.12 
Z71 0.1088 0.0012 0.3087 0.0044 4.6296 0.0669 1778.80 19.68 1734.50 21.84 
Z72 0.0641 0.0011 0.0816 0.0012 0.7203 0.0136 743.60 35.24 505.40 7.29 
Z73 0.0747 0.0013 0.1858 0.0026 1.9128 0.0351 1059.20 34.89 1098.60 13.99 
Z74 0.0707 0.0013 0.1596 0.0022 1.5549 0.0292 947.90 36.16 954.40 12.31 
Z75 0.0711 0.0008 0.1545 0.0020 1.5137 0.0206 958.80 23.24 926.30 11.11 
Z76 0.0614 0.0015 0.0940 0.0014 0.7962 0.0201 653.60 53.01 579.30 8.29 
Z77 0.1099 0.0013 0.3330 0.0043 5.0459 0.0688 1797.80 20.83 1852.90 20.89 
Z78 0.0784 0.0009 0.1767 0.0023 1.9108 0.0258 1157.40 22.23 1049.10 12.46 
Z79 0.1074 0.0012 0.3204 0.0041 4.7428 0.0632 1755.20 20.08 1791.60 20.15 
Z80 0.0580 0.0009 0.0855 0.0011 0.6837 0.0118 529.50 35.00 528.80 6.79 
Z81 0.1191 0.0013 0.3283 0.0043 5.3917 0.0725 1942.80 20.03 1830.30 20.61 
Z82 0.1835 0.0022 0.4526 0.0060 11.452 0.1593 2684.80 19.65 2406.90 26.62 
Z83 0.0634 0.0008 0.1118 0.0016 0.9767 0.0145 720.60 25.15 683.20 8.97 
Z84 0.1088 0.0012 0.3160 0.0044 4.7383 0.0663 1779.00 19.59 1770.00 21.32 
Z85 0.0998 0.0011 0.2941 0.0041 4.0453 0.0571 1619.60 20.30 1662.20 20.21 
Z86 0.2361 0.0025 0.6261 0.0086 20.377 0.2798 3093.80 16.51 3134.00 34.14 
Z87 0.1044 0.0012 0.3038 0.0042 4.3710 0.0626 1703.40 20.66 1709.90 20.81 
Z88 0.0575 0.0008 0.0809 0.0011 0.6405 0.0102 508.90 29.11 501.20 6.74 
Z89 0.0630 0.0007 0.0976 0.0013 0.8477 0.0121 707.40 23.42 600.50 7.89 
Z90 0.1058 0.0011 0.3166 0.0043 4.6181 0.0637 1728.20 19.15 1773.30 21.27 
Z91 0.1442 0.0015 0.4286 0.0059 8.5208 0.1181 2278.50 18.16 2299.30 26.63 
Z92 0.1380 0.0020 0.1568 0.0023 2.9842 0.0494 2202.50 25.23 939.20 12.79 
Z93 0.0598 0.0007 0.0791 0.0011 0.6525 0.0097 596.60 26.03 490.90 6.49 
Z94 0.0758 0.0009 0.1708 0.0024 1.7847 0.0259 1089.70 23.15 1016.40 12.91 
Z95 0.0778 0.0010 0.1831 0.0025 1.9633 0.0300 1141.40 25.07 1083.60 13.85 
Z96 0.0608 0.0009 0.0877 0.0012 0.7349 0.0126 630.80 32.03 542.00 7.32 
Z97 0.0887 0.0010 0.1599 0.0022 1.9554 0.0281 1397.20 21.67 956.40 12.20 
Z98 0.0807 0.0011 0.1918 0.0027 2.1335 0.0342 1213.50 26.72 1131.10 14.57 
Z99 0.1106 0.0012 0.3110 0.0043 4.7424 0.0669 1809.00 19.94 1745.80 20.96 
Z100 0.1066 0.0011 0.3163 0.0043 4.6494 0.0646 1742.00 19.54 1771.80 21.14 
Z101 0.0581 0.0008 0.0884 0.0012 0.7078 0.0118 532.70 31.70 545.90 7.32 
Z102 0.0997 0.0011 0.2410 0.0033 3.3143 0.0458 1618.90 19.63 1392.10 17.05 
Not Used  
Z21 0.8672 0.1012 9.3891 2.0676 - 239.34 5036.30 155.94 - 1282.97 
Z25 0.6297 0.3181 4.1210 0.3979 357.76 182.30 4578.00 583.89 - 500.83 
Z29 0.1102 0.0326 0.1400 0.0185 2.1279 0.5761 1802.90 458.56 844.90 104.65 
Z30 0.0013 0.0037 0.0910 0.0022 0.0160 0.0468 0.10 0.00 561.30 12.67 
Z36 0.1229 0.0108 0.6358 0.0317 10.801 0.9034 1998.80 148.35 3172.60 125.09 
 
Spot No. Preferred age (Ma) Error ± (Ma) rho Conc. 
Z1 1617.10 23.03 0.92 95 
Z2 964.80 12.30 0.90 89 
Z3 557.80 7.68 0.75 85 
Z4 753.90 9.90 0.87 87 
Z5 871.40 11.33 0.90 60 
Z6 1779.30 22.85 0.91 94 
Z7 1278.70 16.42 0.86 99 
Z8 1590.40 23.84 0.89 100 
Z9 553.10 7.83 0.75 64 
Z10 1783.80 23.98 0.88 93 
Z11 584.30 7.83 0.86 95 
Z12 1764.00 22.81 0.91 97 
Z13 2282.90 85.61 0.60 38 
Z14 2690.80 21.23 0.90 87 
Z15 806.00 11.19 0.77 92 
Z16 1152.50 15.12 0.86 97 
Z17 543.80 8.01 0.68 78 
Z18 701.70 10.73 0.66 65 
Z19 612.60 8.63 0.79 101 




Spot No. Preferred age (Ma) Error ± (Ma) rho Conc. 
Z22 1749.40 20.98 0.97 99 
Z23 1837.90 19.37 1.00 90 
Z24 569.30 8.25 0.87 95 
Z26 2654.70 19.99 0.97 52 
Z27 567.50 8.29 0.85 66 
Z28 564.70 8.05 0.94 99 
Z31 638.10 7.95 0.91 87 
Z32 456.90 5.81 0.88 67 
Z33 1085.80 14.04 0.75 83 
Z34 1704.80 19.96 0.98 98 
Z35 495.40 6.44 0.78 92 
Z37 562.70 8.31 0.63 40 
Z38 1830.10 30.66 0.80 88 
Z39 1699.20 19.71 0.99 98 
Z40 569.40 7.79 0.69 60 
Z41 1710.70 19.31 1.00 103 
Z42 1169.00 14.92 0.98 100 
Z43 891.50 11.85 0.89 103 
Z44 679.50 9.14 0.91 74 
Z45 3913.80 21.66 0.99 25 
Z46 1719.10 19.83 0.99 103 
Z47 2220.80 18.03 0.99 93 
Z48 1840.90 20.00 0.98 94 
Z49 526.90 7.46 0.76 70 
Z50 631.30 8.42 0.95 111 
Z51 1830.20 20.09 0.98 92 
Z52 2688.80 17.06 0.99 81 
Z53 1737.20 20.41 0.98 100 
Z54 1750.90 19.17 1.00 86 
Z55 528.10 7.22 0.87 81 
Z56 1864.50 19.50 0.99 91 
Z57 1755.30 19.40 1.00 99 
Z58 1227.40 15.64 0.97 103 
Z59 543.50 7.34 0.92 105 
Z60 589.50 8.60 0.69 78 
Z61 2656.70 19.14 0.98 83 
Z62 1876.00 18.56 0.99 53 
Z63 1608.20 28.49 0.86 63 
Z64 2891.90 33.20 0.84 27 
Z65 515.40 7.12 0.97 57 
Z66 1461.90 19.11 0.93 100 
Z67 706.40 9.81 0.89 71 
Z68 589.50 8.21 0.89 88 
Z69 3309.60 17.06 1.00 99 
Z70 564.60 8.12 0.77 95 
Z71 1778.80 19.68 0.99 98 
Z72 505.40 7.29 0.79 68 
Z73 1098.60 13.99 0.75 104 
Z74 954.40 12.31 0.74 101 
Z75 926.30 11.11 0.95 97 
Z76 579.30 8.29 0.60 89 
Z77 1797.80 20.83 0.95 103 
Z78 1049.10 12.46 0.95 91 
Z79 1755.20 20.08 0.97 102 
Z80 528.80 6.79 0.77 100 
Z81 1942.80 20.03 0.96 94 
Z82 2684.80 19.65 0.95 90 
Z83 683.20 8.97 0.94 95 
Z84 1779.00 19.59 0.98 99 
Z85 1619.60 20.30 0.98 103 
Z86 3093.80 16.51 1.00 101 
Z87 1703.40 20.66 0.97 100 
Z88 501.20 6.74 0.88 98 
Z89 600.50 7.89 0.97 85 
Z90 1728.20 19.15 0.99 103 
Z91 2278.50 18.16 0.99 101 




Spot No. Preferred age (Ma) Error ± (Ma) rho Conc. 
Z93 490.90 6.49 0.93 82 
Z94 1016.40 12.91 0.95 93 
Z95 1083.60 13.85 0.91 95 
Z96 542.00 7.32 0.82 86 
Z97 956.40 12.20 0.95 68 
Z98 1131.10 14.57 0.88 93 
Z99 1809.00 19.94 0.97 97 
Z100 1742.00 19.54 0.98 102 
Z101 545.90 7.32 0.84 102 
Z102 1618.90 19.63 0.99 86 
Not Used 
Z21     - - 
Z25     0.19 - 
Z29     0.49 47 
Z30     0.01 - 






Box Creek Section 
Spot 
No. 
207Pb/235U Error  
±2 σ  
206Pb/238U Error  
±2 σ  
207Pb/235U Error  









Z1 0.0767 0.0010 0.1821 0.0024 1.9228 0.0274 1112.80 24.43 1078.60 12.88 
Z2 0.0797 0.0014 0.1491 0.0021 1.6355 0.0298 1188.50 33.76 896.00 11.57 
Z3 0.0637 0.0014 0.0784 0.0011 0.6870 0.0153 730.80 45.75 486.30 6.73 
Z4 0.0722 0.0016 0.1440 0.0021 1.4309 0.0328 991.30 45.45 867.00 12.01 
Z5 0.0783 0.0011 0.1781 0.0024 1.9192 0.0298 1153.30 27.57 1056.70 12.90 
Z6 0.0601 0.0009 0.0941 0.0012 0.7785 0.0122 607.20 30.35 579.60 7.28 
Z7 0.1060 0.0012 0.1262 0.0016 1.8414 0.0246 1732.00 20.45 765.90 9.27 
Z8 0.0573 0.0011 0.0835 0.0011 0.6594 0.0127 504.00 40.25 517.10 6.79 
Z9 0.0610 0.0013 0.0947 0.0013 0.7946 0.0171 638.10 44.53 583.00 7.89 
Z10 0.1447 0.0021 0.0867 0.0012 1.7272 0.0269 2283.60 24.63 536.10 7.01 
Z12 0.0787 0.0014 0.1825 0.0025 1.9809 0.0364 1165.70 35.09 1080.80 13.40 
Z13 0.1142 0.0012 0.3121 0.0038 4.9128 0.0616 1867.50 19.37 1751.10 18.77 
Z14 0.1261 0.0016 0.1299 0.0016 2.2569 0.0313 2044.50 22.20 787.00 9.36 
Z15 0.0999 0.0014 0.2993 0.0038 4.1208 0.0603 1622.40 24.85 1687.80 18.97 
Z17 0.0741 0.0010 0.1658 0.0021 1.6940 0.0256 1045.10 27.98 989.00 11.62 
Z18 0.0592 0.0010 0.0813 0.0011 0.6625 0.0114 572.70 35.46 503.70 6.24 
Z19 0.0583 0.0008 0.0807 0.0010 0.6490 0.0100 542.70 30.89 500.40 6.06 
Z20 0.0900 0.0010 0.1858 0.0023 2.3030 0.0297 1424.40 21.30 1098.40 12.41 
Z21 0.0598 0.0008 0.0936 0.0012 0.7710 0.0113 594.80 27.50 576.90 7.28 
Z22 0.0788 0.0009 0.2036 0.0027 2.2106 0.0303 1166.80 22.30 1194.90 14.29 
Z23 0.1595 0.0017 0.3956 0.0052 8.6915 0.1130 2450.10 17.44 2148.60 23.78 
Z24 0.0626 0.0007 0.0603 0.0008 0.5195 0.0072 693.40 24.63 377.30 4.80 
Z25 0.1574 0.0017 0.4371 0.0057 9.4770 0.1248 2427.70 17.90 2337.50 25.65 
Z26 0.0958 0.0013 0.1883 0.0025 2.4850 0.0374 1543.30 24.60 1112.30 13.75 
Z27 0.2692 0.0028 0.5866 0.0077 21.7557 0.2828 3301.40 16.19 2975.40 31.13 
Z28 0.0866 0.0010 0.1897 0.0025 2.2643 0.0318 1352.30 22.62 1119.80 13.56 
Z29 0.0780 0.0010 0.1921 0.0025 2.0639 0.0298 1146.60 24.29 1132.60 13.75 
Z30 0.0625 0.0007 0.0885 0.0012 0.7618 0.0104 689.60 23.94 546.90 6.85 
Z31 0.0932 0.0010 0.2497 0.0034 3.2047 0.0442 1490.90 20.65 1437.00 17.33 
Z32 0.1082 0.0011 0.2118 0.0028 3.1583 0.0424 1769.90 19.08 1238.30 15.08 
Z33 0.0737 0.0008 0.1608 0.0022 1.6334 0.0221 1034.40 21.06 961.10 11.95 
Z34 0.0597 0.0007 0.0863 0.0012 0.7098 0.0105 592.90 25.91 533.70 6.93 
Z35 0.0757 0.0008 0.1661 0.0022 1.7336 0.0233 1088.10 20.89 990.80 12.28 
Z36 0.0654 0.0007 0.1130 0.0015 1.0182 0.0142 786.90 23.42 690.20 8.80 
Z37 0.0803 0.0009 0.1302 0.0018 1.4412 0.0199 1205.30 21.57 789.00 9.98 
Z38 0.0658 0.0009 0.0990 0.0014 0.8973 0.0146 799.90 29.61 608.40 8.01 
Z39 0.1478 0.0015 0.1844 0.0025 3.7555 0.0497 2320.70 17.40 1091.00 13.40 
Z40 0.0585 0.0008 0.0737 0.0010 0.5942 0.0093 548.40 28.96 458.60 6.04 
Z41 0.1197 0.0013 0.2331 0.0026 3.8549 0.0437 1952.10 18.62 1350.90 13.79 
Z42 0.0785 0.0015 0.0702 0.0009 0.7607 0.0144 1159.50 37.82 437.20 5.45 
Z43 0.0682 0.0009 0.0860 0.0010 0.8100 0.0112 873.50 27.65 532.10 5.96 
Z44 0.0570 0.0009 0.0747 0.0009 0.5878 0.0094 489.60 34.71 464.50 5.34 
Z46 0.0754 0.0008 0.1274 0.0014 1.3266 0.0152 1079.10 21.15 773.00 8.22 
Z47 0.0691 0.0008 0.1268 0.0014 1.2102 0.0145 901.30 23.11 769.80 8.24 
Z48 0.0534 0.0012 0.0683 0.0009 0.5041 0.0113 346.00 50.71 426.20 5.37 
Z49 0.1025 0.0011 0.1384 0.0016 1.9602 0.0228 1670.60 19.92 835.70 8.90 
Z50 0.0762 0.0010 0.1577 0.0019 1.6588 0.0230 1099.30 26.75 944.00 10.33 
Z51 0.3392 0.0056 0.1541 0.0025 7.2061 0.1218 3659.30 25.00 923.90 13.76 
Z52 0.1039 0.0011 0.2064 0.0028 2.9559 0.0405 1694.90 19.61 1209.40 14.92 
Z53 0.0711 0.0009 0.0906 0.0012 0.8874 0.0131 959.40 24.51 558.90 7.34 
Z54 0.0604 0.0008 0.0841 0.0012 0.6994 0.0105 616.60 26.75 520.30 6.88 
Z55 0.4437 0.0102 0.1891 0.0038 11.5699 0.2419 4064.30 33.91 1116.70 20.76 
Z56 0.2346 0.0026 0.4378 0.0060 14.1573 0.1981 3083.40 17.36 2340.80 26.87 
Z57 0.0724 0.0010 0.1553 0.0022 1.5512 0.0247 998.10 27.22 930.80 12.16 
Z59 0.0592 0.0009 0.0801 0.0012 0.6529 0.0116 572.80 33.95 496.50 6.84 
Z60 0.0748 0.0009 0.1738 0.0024 1.7922 0.0269 1063.30 24.27 1032.90 13.32 
Z61 0.0620 0.0008 0.1019 0.0014 0.8701 0.0135 672.80 27.15 625.40 8.36 
Z62 0.0805 0.0009 0.1872 0.0026 2.0771 0.0295 1209.50 21.45 1106.10 14.09 
Z63 0.0773 0.0009 0.1819 0.0025 1.9375 0.0283 1128.00 22.92 1077.60 13.83 
Z64 0.0850 0.0013 0.1730 0.0025 2.0256 0.0348 1314.60 29.12 1028.50 13.78 
Z65 0.0764 0.0009 0.1847 0.0026 1.9452 0.0280 1105.50 22.34 1092.70 13.96 
Z66 0.1055 0.0011 0.3046 0.0042 4.4281 0.0617 1722.40 19.33 1714.20 20.82 
Z67 0.0669 0.0008 0.0613 0.0009 0.5650 0.0083 835.70 24.11 383.20 5.17 






207Pb/235U Error  
±2 σ  
206Pb/238U Error  
±2 σ  
207Pb/235U Error  









Z69 0.0822 0.0011 0.0998 0.0014 1.1304 0.0179 1250.00 25.66 613.20 8.29 
Z70 0.0694 0.0009 0.1016 0.0014 0.9712 0.0148 909.20 25.31 623.80 8.32 
Z71 0.0918 0.0011 0.2037 0.0030 2.5783 0.0410 1463.60 22.84 1195.00 16.21 
Z72 0.1058 0.0013 0.2467 0.0037 3.6001 0.0572 1729.00 22.10 1421.60 18.97 
Z73 0.1245 0.0016 0.3164 0.0047 5.4308 0.0878 2021.90 22.12 1771.90 23.17 
Z74 0.1765 0.0022 0.4752 0.0072 11.5645 0.1881 2620.60 20.96 2506.20 31.23 
Z75 0.1083 0.0013 0.2997 0.0045 4.4730 0.0716 1770.10 22.26 1690.00 22.07 
Z76 0.1122 0.0018 0.1580 0.0025 2.4439 0.0460 1835.60 29.27 945.50 13.72 
Z77 0.1607 0.0030 0.1044 0.0017 2.3143 0.0464 2463.50 30.66 640.40 9.97 
Z78 0.0743 0.0011 0.0927 0.0014 0.9499 0.0173 1050.70 30.53 571.40 8.31 
Z79 0.1081 0.0015 0.2971 0.0045 4.4295 0.0759 1768.30 25.14 1677.10 22.24 
Z80 0.1043 0.0015 0.3913 0.0059 5.6275 0.0990 1702.70 26.37 2128.70 27.48 
Z81 0.0864 0.0012 0.1898 0.0028 2.2605 0.0379 1346.50 27.27 1120.50 14.89 
Z82 0.0894 0.0012 0.1656 0.0024 2.0420 0.0329 1413.20 25.29 988.00 13.13 
Z83 0.1585 0.0022 0.2003 0.0029 4.3758 0.0711 2439.80 23.03 1176.60 15.74 
Z84 0.0912 0.0011 0.0736 0.0010 0.9245 0.0143 1450.00 23.56 457.50 6.27 
Z85 0.1102 0.0015 0.0938 0.0014 1.4255 0.0234 1803.10 24.83 578.00 7.99 
Z86 0.0714 0.0010 0.0824 0.0012 0.8112 0.0133 969.40 27.42 510.40 7.01 
Z87 0.0828 0.0014 0.1631 0.0024 1.8612 0.0343 1263.60 31.52 974.10 13.37 
Z88 0.0705 0.0010 0.0954 0.0014 0.9267 0.0160 941.60 29.84 587.40 8.11 
Z89 0.0666 0.0009 0.0934 0.0013 0.8581 0.0138 826.60 27.18 575.60 7.84 
Z90 0.0745 0.0010 0.0842 0.0012 0.8639 0.0139 1053.70 26.49 520.90 7.13 
Z91 0.0684 0.0009 0.0852 0.0012 0.8030 0.0130 879.30 27.60 527.10 7.25 
Z92 0.0904 0.0013 0.0974 0.0014 1.2143 0.0209 1433.90 28.10 599.20 8.39 
Z93 0.0635 0.0008 0.0844 0.0012 0.7383 0.0113 724.20 25.51 522.00 7.12 
Z94 0.1076 0.0013 0.2976 0.0043 4.4157 0.0674 1759.10 21.93 1679.60 21.15 
Z95 0.2832 0.0032 0.7037 0.0100 27.4815 0.4051 3380.80 17.58 3434.60 37.94 
Z96 0.0780 0.0009 0.0465 0.0007 0.4997 0.0075 1146.00 23.15 292.90 4.07 
Z97 0.0995 0.0012 0.1817 0.0026 2.4918 0.0375 1614.20 21.70 1076.10 14.13 
Z98 0.0615 0.0009 0.0872 0.0013 0.7399 0.0124 657.30 29.92 539.10 7.50 
Z99 0.0598 0.0007 0.0917 0.0013 0.7559 0.0118 596.40 26.72 565.40 7.76 
Z100 0.0979 0.0012 0.1863 0.0027 2.5146 0.0384 1584.60 22.34 1101.20 14.51 
Z101 0.1200 0.0013 0.2624 0.0036 4.3428 0.0594 1956.60 18.48 1502.20 18.14 
Z102 0.1077 0.0012 0.3113 0.0042 4.6233 0.0643 1761.00 19.48 1747.10 20.80 
Z103 0.0900 0.0011 0.2067 0.0029 2.5649 0.0383 1425.00 23.14 1211.40 15.23 
Z104 0.0808 0.0009 0.1695 0.0023 1.8870 0.0267 1215.60 21.71 1009.10 12.72 
Z105 0.0634 0.0008 0.1073 0.0015 0.9382 0.0138 722.50 25.14 656.90 8.54 
Z106 0.1629 0.0018 0.4421 0.0060 9.9324 0.1383 2486.30 18.10 2360.10 26.98 
Z107 0.0919 0.0013 0.0758 0.0011 0.9602 0.0156 1465.60 26.76 470.80 6.39 
Z108 0.0649 0.0008 0.1046 0.0014 0.9360 0.0136 770.20 24.19 641.60 8.33 
Z109 0.1691 0.0026 0.1750 0.0026 4.0784 0.0694 2548.50 25.77 1039.30 14.28 
Z110 0.0821 0.0009 0.1939 0.0026 2.1951 0.0311 1248.40 21.71 1142.30 14.26 
Z111 0.0724 0.0009 0.1414 0.0019 1.4107 0.0211 995.80 24.75 852.60 10.97 
Z112 0.0745 0.0008 0.1725 0.0024 1.7710 0.0252 1053.70 22.71 1025.90 12.91 
Z113 0.0595 0.0008 0.0929 0.0012 0.7624 0.0116 586.90 30.30 572.70 6.89 
Not Used 








Appendix 3: Geochemistry 
Sample 
No 
Formation Profile name East North Zone Depositional 
setting 
Field lithology Field 
Alteration 
Troubringe Basin 
       
CJ002 Cape Jervis  Cape Jervis 237417 6056750 54 lodgement till diamictite sandy Oxidised 
CJ003 Cape Jervis  Cape Jervis 237417 6056750 54 lodgement till diamictite sandy Oxidised 
CJ004 Cape Jervis  Cape Jervis 237417 6056750 54 lodgement till diamictite sandy Oxidised 
CJ005 Cape Jervis  Cape Jervis 237371 6056675 54 fluviolacustrine clay Oxidised 
CJ006 Cape Jervis  Cape Jervis 237371 6056675 54 fluviolacustrine sand Oxidised 
CJ007 Cape Jervis  Cape Jervis 237371 6056675 54 fluviolacustrine diamictite sandy Oxidised 
CJ008 Cape Jervis  Cape Jervis 237371 6056675 54 fluviolacustrine sand Oxidised 
CJ009 Cape Jervis  Cape Jervis 237371 6056675 54 fluviolacustrine diamictite sandy Oxidised 
CJ010 Cape Jervis  Cape Jervis 237371 6056675 54 fluviolacustrine clay minimal 
CJ011 Cape Jervis  Cape Jervis 237369 6056663 54 fluviolacustrine sand Oxidised 
CJ012 Cape Jervis  Cape Jervis 237369 6056663 54 fluviolacustrine sand carbonate 
CJ013 Cape Jervis  Cape Jervis 237428 6056732 54 fluviolacustrine sand Oxidised 
CJ014 Cape Jervis  Cape Jervis 237428 6056732 54 fluviolacustrine sand minimal 
CJ015 Cape Jervis  Cape Jervis 237369 6056663 54 fluviolacustrine sand carbonate 
CJ016 Cape Jervis  Cape Jervis 237369 6056663 54 flowtill complex diamictite sandy Oxidised 
CJ017 Cape Jervis  Cape Jervis 237465 6056741 54 flowtill complex diamictite clay minimal 
CJ018 Cape Jervis  Cape Jervis 237369 6056663 54 flowtill complex diamictite sandy carbonate 
CJ019 Cape Jervis  Cape Jervis 237465 6056741 54 flowtill complex diamictite clay Oxidised 
CJ020 Cape Jervis  Cape Jervis 237378 6056631 54 flowtill complex sand carbonate 
CJ021 Cape Jervis  Cape Jervis 237378 6056631 54 glaciomarine clay minimal 
CJ022 Cape Jervis  Cape Jervis 237378 6056631 54 glaciomarine sand carbonate 
CJ023 Cape Jervis  Cape Jervis 237378 6056631 54 glaciomarine clay minimal 
CJ024 Cape Jervis  Cape Jervis 237378 6056631 54 glaciomarine clay minimal 
CJ025 Cape Jervis  Cape Jervis 237407 6056628 54 glaciomarine clay Oxidised 
CJ026 Cape Jervis  Cape Jervis 237350 6056612 54 glaciomarine clay minimal 
CJ027 Cape Jervis  Cape Jervis 237350 6056612 54 glaciomarine sandy clay Oxidised 
CJ028 Cape Jervis  Cape Jervis 237350 6056612 54 glaciomarine clay minimal 
HC002 Cape Jervis  Hallett Cove 271727 6115709 54 lodgement till diamictite sandy Oxidised 
HC003 Cape Jervis  Hallett Cove 271860 6115619 54 fluviolacustrine clay Oxidised 
HC004 Cape Jervis  Hallett Cove 271860 6115619 54 fluviolacustrine sand Oxidised 
HC005 Cape Jervis  Hallett Cove 271898 6115620 54 fluviolacustrine sandy clay Oxidised 
HC006 Cape Jervis  Hallett Cove 271898 6115620 54 fluviolacustrine diamictite sandy Oxidised 
HC007 Cape Jervis  Hallett Cove 271898 6115620 54 fluviolacustrine sand Oxidised 
HC008 Cape Jervis  Hallett Cove 271897 6115590 54 fluviolacustrine sand Oxidised 
HC009 Cape Jervis  Hallett Cove 271897 6115577 54 flowtill complex sand Oxidised 
HC010 Cape Jervis  Hallett Cove 271897 6115577 54 flowtill complex diamictite sandy Oxidised 
HC011 Cape Jervis  Hallett Cove 271897 6115577 54 flowtill complex diamictite clay Oxidised 
HC013 Cape Jervis  Hallett Cove 271959 6115567 54 flowtill complex sand Oxidised 
HC014 Cape Jervis  Hallett Cove 271959 6115567 54 flowtill complex clay Oxidised 
KI001 Cape Jervis  Kangaroo Is 737088 6053141 53 fluviolacustrine clay minimal 
KI003 Cape Jervis  Kangaroo Is 737088 6053141 53 fluviolacustrine sand Oxidised 
KI004 Cape Jervis  Kangaroo Is 737088 6053141 53 fluviolacustrine sand carbonate 
KI005 Cape Jervis  Kangaroo Is 737088 6053141 53 fluviolacustrine diamictite sandy Oxidised 
KI006 Cape Jervis  Kangaroo Is 737088 6053141 53 fluviolacustrine sandy clay Oxidised 
KI007 Cape Jervis  Kangaroo Is 737088 6053141 53 fluviolacustrine sand carbonate 
KI008 Cape Jervis  Kangaroo Is 737088 6053141 53 fluviolacustrine sand Ferruginous 
KI009 Cape Jervis  Kangaroo Is 739262 6051536 53 fluviolacustrine clay Oxidised 
KI010 Cape Jervis  Kangaroo Is 739262 6051536 53 fluviolacustrine sand Ferruginous 
KI011 Cape Jervis  Kangaroo Is 739262 6051536 53 fluviolacustrine sand Ferruginous 
KI012 Cape Jervis  Kangaroo Is 739262 6051536 53 fluviolacustrine clay minimal 
KI013 Cape Jervis  Kangaroo Is 739262 6051536 53 fluviolacustrine sand minimal 
KI014 Cape Jervis  Kangaroo Is 739262 6051536 53 fluviolacustrine clay minimal 
KI015 Cape Jervis  Kangaroo Is 739262 6051536 53 fluviolacustrine sand Oxidised 
KI016 Cape Jervis  Kangaroo Is 739262 6051536 53 fluviolacustrine sand Oxidised 
KI017 Cape Jervis  Kangaroo Is 739262 6051536 53 fluviolacustrine clay Ferruginous 
KI018 Cape Jervis  Kangaroo Is 739262 6051536 53 fluviolacustrine clay Ferruginous 
KP002 Cape Jervis  Kings Point 280926 6057329 54 fluviolacustrine clay Oxidised 
KP003 Cape Jervis  Kings Point 280913 6057322 54 fluviolacustrine sandy clay Oxidised 
KP005 Cape Jervis  Kings Point 280878 6057315 54 fluviolacustrine diamictite sandy Oxidised 
KP006 Cape Jervis  Kings Point 280868 6057194 54 flowtill complex diamictite clay Oxidised 






Formation Profile name East North Zone Depositional 
setting 
Field lithology Field 
Alteration 
KP008 Cape Jervis  Kings Point 280806 6057277 54 flowtill complex diamictite sandy Oxidised 
Reg001 Cape Jervis  opportunistic 235287 6229048 53 lodgement till diamictite sandy Oxidised 
Reg002 Cape Jervis  opportunistic 762058 6149871 53 flowtill complex diamictite sandy Oxidised 
Reg003 Cape Jervis  opportunistic 743219 6151939 53 fluviolacustrine sand carbonate 
Reg004 Cape Jervis  opportunistic 728518 6161045 53 flowtill complex diamictite sandy carbonate 
Reg005 Cape Jervis  opportunistic 731432 6137935 53 fluviolacustrine clay minimal 
Reg006 Cape Jervis  opportunistic 714896 6130886 53 flowtill complex diamictite clay carbonate 
Reg007 Cape Jervis  opportunistic 730635 6111375 53 glaciomarine sand minimal 
Reg008 Cape Jervis  opportunistic 730635 6111375 53 glaciomarine sandy clay Oxidised 
Reg009 Cape Jervis  opportunistic 730406 6111491 53 glaciomarine clay Ferruginous 
Reg011 Cape Jervis  opportunistic 730406 6111491 53 glaciomarine diamictite clay minimal 
Reg012 Cape Jervis  opportunistic 271897 6115590 54 flowtill complex sand Ferruginous 
Reg013 Cape Jervis  opportunistic 289638 6064942 54 fluviolacustrine clay Oxidised 
Reg014 Cape Jervis  opportunistic 283581 6065318 54 fluviolacustrine sand Oxidised 
Reg015 Cape Jervis  opportunistic 281293 6066155 54 lodgement till sandy clay Oxidised 
Reg016 Cape Jervis  opportunistic 277470 6068785 54 flowtill complex sandy clay minimal 
Reg017 Cape Jervis  opportunistic 274855 6067229 54 fluviolacustrine clay Oxidised 
Reg018 Cape Jervis  opportunistic 273901 6065940 54 flowtill complex sand Oxidised 
Reg019 Cape Jervis  opportunistic 278463 6065414 54 fluviolacustrine clay minimal 
Reg020 Cape Jervis  opportunistic 274341 6069060 54 lodgement till diamictite sandy Oxidised 
Reg021 Cape Jervis  opportunistic 274341 6069060 54 lodgement till sand Oxidised 
Reg022 Cape Jervis  opportunistic 298010 6081468 54 fluviolacustrine clay Ferruginous 
Reg023 Cape Jervis  opportunistic 298557 6086065 54 flowtill complex sand Oxidised 
Reg024 Cape Jervis  opportunistic 300461 6085342 54 fluviolacustrine sandy clay Oxidised 
Reg025 Cape Jervis  opportunistic 300036 6082810 54 fluviolacustrine silt Oxidised 
Reg026 Cape Jervis  opportunistic 299688 6093099 54 fluviolacustrine silt Oxidised 
Reg027 Cape Jervis  opportunistic 297426 6092532 54 flowtill complex diamictite sandy Oxidised 
Reg028 Cape Jervis  opportunistic 297930 6090357 54 flowtill complex sand Oxidised 
Reg029 Cape Jervis  opportunistic 297757 6089434 54 flowtill complex sand Oxidised 
Reg030 Cape Jervis  opportunistic 271673 6115323 54 flowtill complex sandy clay minimal 
Reg031 Cape Jervis  opportunistic 261238 6070931 54 lodgement till sandy clay Oxidised 
Reg032 Cape Jervis  opportunistic 261957 6071207 54 lodgement till sand Oxidised 
Reg033 Cape Jervis  opportunistic 267241 6070850 54 flowtill complex diamictite clay minimal 
Reg034 Cape Jervis  opportunistic 265941 6066701 54 flowtill complex sand Oxidised 
Reg035 Cape Jervis  opportunistic 266457 6066605 54 flowtill complex clay Oxidised 
Reg036 Cape Jervis  opportunistic 265127 6065576 54 flowtill complex sand Oxidised 
Reg037 Cape Jervis  opportunistic 265971 6064879 54 flowtill complex sand Oxidised 
Reg038 Cape Jervis  opportunistic 266279 6063682 54 flowtill complex clay Oxidised 
Reg039 Cape Jervis  opportunistic 238356 6057295 54 lodgement till sand Oxidised 
Reg040 Cape Jervis  opportunistic 242841 6060693 54 flowtill complex clay Oxidised 
Reg041 Cape Jervis  opportunistic 256496 6072341 54 lodgement till sand Oxidised 
Reg042 Cape Jervis  opportunistic 256299 6072011 54 lodgement till diamictite sandy Oxidised 
Reg043 Cape Jervis  opportunistic 257373 6075467 54 lodgement till sandy clay Oxidised 
Reg044 Cape Jervis  opportunistic 274047 6080081 54 lodgement till sand Oxidised 
Reg045 Cape Jervis  opportunistic 277444 6078079 54 flowtill complex sand Oxidised 
Reg046 Cape Jervis  opportunistic 282304 6075294 54 flowtill complex sand Oxidised 
Reg047 Cape Jervis  opportunistic 283424 6089960 54 lodgement till diamictite sandy Oxidised 
Reg048 Cape Jervis  opportunistic 282503 6091554 54 lodgement till clay Ferruginous 
Reg049 Cape Jervis  opportunistic 273837 6062573 54 flowtill complex sandy clay Oxidised 
Reg050 Cape Jervis  opportunistic 274999 6083601 54 flowtill complex sandy clay Ferruginous 
Reg051 Cape Jervis  opportunistic 276002 6084210 54 flowtill complex diamictite clay Oxidised 
Reg052 Cape Jervis  opportunistic 283734 6085808 54 flowtill complex clay Ferruginous 
Reg053 Cape Jervis  opportunistic 284760 6080366 54 flowtill complex sandy clay Oxidised 
Reg054 Cape Jervis  opportunistic 285102 6083666 54 flowtill complex sandy clay Oxidised 
Reg055 Cape Jervis  opportunistic 289120 6083120 54 lodgement till diamictite clay Oxidised 
Reg056 Cape Jervis  opportunistic 291267 6083564 54 flowtill complex sandy clay Oxidised 
Reg057 Cape Jervis  opportunistic 285829 6089410 54 flowtill complex sandy clay Oxidised 
Reg058 Cape Jervis  opportunistic 286701 6089510 54 flowtill complex sand Oxidised 
Reg059 Cape Jervis  opportunistic 287080 6087310 54 flowtill complex sand Oxidised 
Reg060 Cape Jervis  opportunistic 765539 6043299 54 lodgement till sandy clay Oxidised 
Reg061 Cape Jervis  opportunistic 286701 6089510 54 flowtill complex sandy clay Oxidised 
Reg062 Cape Jervis  opportunistic 287080 6087310 54 flowtill complex sandy clay Oxidised 
Reg063 Cape Jervis  opportunistic 765539 6043299 54 lodgement till clay Minimal 
Reg064 Cape Jervis  opportunistic 242841 6060693 54 flowtill complex clay Oxidised 
Reg065 Cape Jervis  opportunistic 282503 6091554 54 lodgement till clay Ferruginous 






Formation Profile name East North Zone Depositional 
setting 
Field lithology Field 
Alteration 
Reg068 Cape Jervis  opportunistic 724983 6052730 53 fluviolacustrine Sand Ferruginous 
Reg069 Cape Jervis  opportunistic 724983 6052730 53 fluviolacustrine sandy clay carbonate 
Reg070 Cape Jervis  opportunistic 724983 6052730 53 fluviolacustrine Sand Ferruginous 
Reg071 Cape Jervis  opportunistic 724983 6052730 53 fluviolacustrine Sand Ferruginous 
Reg072 Cape Jervis  opportunistic 737163 6053123 53 fluviolacustrine Sand Ferruginous 
Reg073 Cape Jervis  opportunistic 735216 6037312 53 fluviolacustrine Clay Oxidised 
Reg074 Cape Jervis  opportunistic 734896 6035434 53 fluviolacustrine Clay Oxidised 
Reg075 Cape Jervis  opportunistic 237378 6056631 54 glaciomarine clay Ferruginous 
Reg076 Cape Jervis  opportunistic 237378 6056631 54 glaciomarine clay Ferruginous 
Reg078 Cape Jervis  opportunistic 271897 6115577 54 flowtill complex diamictite sandy Oxidised 
WB001 Cape Jervis  Waterloo Bay 730059 6111525 53 flowtill complex diamictite clay minimal 
WB002 Cape Jervis  Waterloo Bay 730059 6111525 53 flowtill complex diamictite clay Ferruginous 
WB003 Cape Jervis  Waterloo Bay 730059 6111525 53 glaciomarine clay minimal 
WB004 Cape Jervis  Waterloo Bay 730059 6111525 53 glaciomarine clay Ferruginous 
WB005 Cape Jervis  Waterloo Bay 730059 6111525 53 glaciomarine clay minimal 
WB006 Cape Jervis  Waterloo Bay 730127 6111530 53 glaciomarine sand Oxidised 
WB007 Cape Jervis  Waterloo Bay 730059 6111525 53 glaciomarine clay minimal 
CJ029 Cape Jervis  Cape Jervis 237354 6056697 53 basement N/A N/A 
KP009 Cape Jervis  Kings Point 280926 6057329 53 basement N/A N/A 
HC015 Wilpena Group Hallett Cove 271727 6115709 53 basement N/A N/A 
Arckaringa Basin               
BC001 Boorthanna  Box Creek 595562 6823784 53 lodgement till sand Oxidised 
BC002 Boorthanna  Box Creek 595562 6823784 53 lodgement till sand Oxidised 
BC003 Boorthanna  Box Creek 595562 6823784 53 lodgement till sand  Ferruginous 
BC004 Boorthanna  Box Creek 595562 6823784 53 lodgement till sand carbonate 
BC005 Boorthanna  Box Creek 595562 6823784 53 lodgement till sand Ferruginous 
BC006 Boorthanna  Box Creek 595562 6823784 53 lodgement till sand carbonate 
MD001 Boorthanna  Mt Dutton 566258 6923054 53 flowtill complex diamictite sandy Ferruginous 
MD002 Boorthanna  Mt Dutton 566258 6923054 53 flowtill complex diamictite sandy Ferruginous 
MD003 Boorthanna  Mt Dutton 566258 6923054 53 flowtill complex diamictite sandy Ferruginous 
MD004 Boorthanna  Mt Dutton 565279 6922389 53 flowtill complex silt minimal 
MD005 Boorthanna  Mt Dutton 565262 6922076 53 fluviolacustrine clay Oxidised 
MT001 Mt Toondina  Mt Toondina 535385 6908893 53 fluviolacustrine sand sulphate  
MT002 Mt Toondina  Mt Toondina 535385 6908893 53 fluviolacustrine silt sulphate  
MT003 Mt Toondina  Mt Toondina 535371 6908898 53 fluviolacustrine silt sulphate  
MT004 Mt Toondina  Mt Toondina 535371 6908898 53 fluviolacustrine sand sulphate  
MT005 Mt Toondina  Mt Toondina 535388 6908899 53 fluvioswamp carbonaceous sulphate  
MT006 Mt Toondina  Mt Toondina 535399 6908901 53 fluviolacustrine clay sulphate  
MT007 Mt Toondina  Mt Toondina 535402 6908910 53 fluvioswamp carbonaceous sulphate  
MT008 Mt Toondina  Mt Toondina 535402 6908910 53 fluvioswamp sand sulphate  
MT009 Mt Toondina  Mt Toondina 535406 6908916 53 fluvioswamp carbonaceous sulphate  
MT010 Mt Toondina  Mt Toondina 535418 6908919 53 fluvioswamp silt sulphate  
MT011 Mt Toondina  Mt Toondina 535418 6908919 53 fluvioswamp carbonaceous sulphate  
MT012 Mt Toondina  Mt Toondina 535416 6908915 53 fluvioswamp silt sulphate  
MT013 Mt Toondina  Mt Toondina 535416 6908915 53 fluvioswamp sand sulphate  
MT014 Mt Toondina  Mt Toondina 535415 6908914 53 fluvioswamp carbonaceous sulphate  
MT015 Mt Toondina  Mt Toondina 535430 6908920 53 fluvioswamp sand sulphate  
MT016 Mt Toondina  Mt Toondina 535480 6908925 53 fluvioswamp carbonaceous sulphate  
MT017 Mt Toondina  Mt Toondina 535480 6908925 53 fluvioswamp sand sulphate  
MT018 Mt Toondina  Mt Toondina 535488 6908927 53 fluvioswamp carbonaceous sulphate  
MT019 Mt Toondina  Mt Toondina 535466 6908956 53 fluvioswamp clay sulphate  
MT020 Mt Toondina  Mt Toondina 535466 6908956 53 fluvioswamp carbonaceous sulphate  
MT021 Mt Toondina  Mt Toondina 535466 6908956 53 fluvioswamp silt sulphate  
MT023 Mt Toondina  Mt Toondina 535488 6908961 53 fluvioswamp carbonaceous sulphate  
MT024 Mt Toondina  Mt Toondina 535488 6908961 53 fluvioswamp silt sulphate  
MT025 Mt Toondina  Mt Toondina 353481 6908978 53 fluvioswamp sand sulphate  
MT026 Mt Toondina  Mt Toondina 353481 6908978 53 fluvioswamp carbonaceous sulphate  








SiO2 Al2O3 Fe2O3 CaO MgO Na2O K2O MnO TiO2 P2O5 Cr2O3 Ba Tot/C  
% % % % % % % % % % % % % 
Analysis XRF XRF XRF XRF XRF XRF XRF XRF XRF XRF XRF XRF XRF 
Det. limit 0.01 0.01 0.04 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.001 5 0.002 
Sample No                           
Troubridge Basin 
CJ002 78.20 8.42 2.50 0.84 1.43 0.87 3.15 0.03 0.37 0.09 0.00 0.06 0.42 
CJ003 71.00 6.73 1.99 5.84 1.89 1.22 2.12 0.07 0.29 0.07 0.00 0.06 1.72 
CJ004 75.70 8.42 2.11 2.60 1.85 0.62 3.13 0.03 0.38 0.10 0.00 0.06 0.86 
CJ005 84.60 6.42 1.64 0.19 0.80 0.37 2.30 0.01 0.29 0.03 0.00 0.04 0.12 
CJ006 82.60 7.15 1.93 0.37 0.96 0.45 2.45 0.02 0.31 0.03 0.00 0.04 0.27 
CJ007 86.20 4.59 1.39 2.00 0.59 0.58 1.36 0.02 0.19 0.03 0.00 0.04 0.57 
CJ008 93.60 2.18 1.04 0.30 0.21 0.26 0.80 0.02 0.11 0.02 0.00 0.02 0.09 
CJ009 76.20 7.17 2.18 3.93 0.91 0.85 1.81 0.02 0.28 0.07 0.00 0.05 1.02 
CJ010 85.50 6.37 1.92 0.16 0.84 0.37 2.26 0.03 0.29 0.05 0.00 0.08 0.14 
CJ011 75.70 3.76 0.80 9.07 0.22 0.21 0.66 0.36 0.13 0.03 0.00 0.02 2.15 
CJ012 64.20 1.32 0.76 17.84 0.20 0.12 0.37 0.15 0.08 0.01 0.00 0.01 4.19 
CJ013 87.10 3.75 0.99 2.34 0.46 0.62 1.19 0.02 0.17 0.02 0.00 0.03 0.59 
CJ014 92.50 3.31 0.98 0.08 0.22 0.58 1.21 0.08 0.14 0.01 0.00 0.03 0.03 
CJ015 66.20 1.06 0.63 17.40 0.16 0.09 0.28 0.26 0.05 0.01 0.00 0.01 4.08 
CJ016 74.80 8.16 4.21 2.16 2.32 0.58 1.97 0.09 0.44 0.09 0.00 0.04 0.63 
CJ017 84.20 3.74 0.91 3.33 0.66 0.80 1.21 0.02 0.15 0.04 0.00 0.03 0.79 
CJ018 67.80 1.62 0.87 15.73 0.23 0.11 0.40 0.37 0.06 0.01 0.00 0.02 3.67 
CJ019 77.60 4.83 1.96 5.74 1.02 0.51 1.63 0.06 0.26 0.07 0.00 0.08 1.51 
CJ020 69.00 0.99 0.73 15.56 0.23 0.06 0.20 0.27 0.10 0.01 0.00 0.01 3.76 
CJ021 70.20 12.80 3.53 0.36 1.99 0.70 4.38 0.04 0.55 0.14 0.00 0.07 0.35 
CJ022 64.00 1.16 0.78 17.79 0.22 0.05 0.38 0.10 0.04 0.02 0.00 0.01 4.17 
CJ023 70.30 12.38 3.46 0.60 2.05 0.82 4.11 0.04 0.55 0.13 0.00 0.07 0.24 
CJ024 73.70 11.26 3.06 0.52 1.72 0.69 3.86 0.05 0.50 0.14 0.00 0.06 0.13 
CJ025 64.70 14.40 5.79 0.27 2.19 1.00 4.41 0.09 0.62 0.14 0.00 0.07 0.28 
CJ026 67.40 15.31 2.32 0.51 1.61 1.15 3.47 0.02 0.62 0.13 0.00 0.06 0.36 
CJ027 74.80 5.48 1.01 5.78 1.28 0.82 0.96 0.01 0.26 0.03 0.00 0.02 1.71 
CJ028 81.00 9.27 1.14 0.35 0.88 0.69 2.57 0.01 0.40 0.06 0.00 0.05 0.26 
HC002 80.00 2.52 1.08 7.31 0.30 0.30 0.17 0.01 0.25 0.04 0.00 0.01 1.45 
HC003 83.30 6.66 2.57 0.30 1.64 0.30 2.09 0.02 0.46 0.10 0.01 0.04 0.03 
HC004 81.90 4.03 1.57 4.48 0.95 0.35 1.20 0.07 0.25 0.05 0.00 0.03 0.95 
HC005 84.80 4.25 1.42 0.23 1.11 1.81 1.57 0.02 0.27 0.06 0.01 0.03 0.07 
HC006 92.70 2.96 1.06 0.20 0.53 0.11 0.97 0.03 0.16 0.03 0.00 0.02 0.04 
HC007 92.00 3.16 0.91 0.08 0.46 0.64 1.18 0.03 0.17 0.03 0.01 0.02 0.01 
HC008 89.50 3.65 1.10 0.09 0.68 0.78 1.27 0.02 0.22 0.04 0.00 0.03 0.01 
HC009 87.90 4.72 1.78 0.14 1.01 0.49 1.48 0.02 0.28 0.06 0.00 0.04 0.04 
HC010 93.10 2.48 1.04 0.08 0.42 0.27 0.86 0.02 0.17 0.03 0.00 0.02 0.01 
HC011 76.90 8.88 4.47 0.20 2.08 0.59 2.51 0.04 0.60 0.15 0.01 0.04 0.02 
HC013 93.30 2.26 0.70 0.08 0.38 0.84 0.97 0.01 0.08 0.02 0.00 0.02 0.01 
HC014 75.20 9.57 4.75 0.27 2.67 0.82 2.55 0.03 0.69 0.16 0.01 0.05 0.01 
KI001 66.70 17.09 3.36 1.18 0.89 0.77 1.73 0.02 0.90 0.04 0.00 0.04 0.60 
KI003 87.50 4.12 3.74 0.24 0.14 0.23 1.31 0.01 0.16 0.01 0.00 0.03 0.14 
KI004 83.70 4.13 0.52 3.91 0.91 0.24 1.11 0.01 0.16 0.01 0.00 0.03 1.26 
KI005 86.10 4.74 0.83 1.81 0.66 0.17 1.38 0.01 0.29 0.01 0.00 0.03 0.64 
KI006 81.50 8.03 2.94 0.16 0.37 0.88 1.69 0.01 0.35 0.02 0.00 0.04 0.27 
KI007 84.20 3.42 1.26 3.87 0.60 0.38 1.04 0.01 0.21 0.01 0.00 0.03 1.15 
KI008 84.50 3.18 7.48 0.32 0.17 0.08 1.00 0.49 0.09 0.01 0.00 0.06 0.28 
KI009 71.90 11.12 5.85 0.11 0.79 0.78 1.78 0.04 0.52 0.09 0.00 0.05 0.23 
KI010 82.00 6.42 5.27 0.06 0.30 0.49 1.56 0.01 0.29 0.05 0.00 0.05 0.13 
KI011 78.10 2.71 15.68 0.02 0.07 0.20 0.96 0.21 0.07 0.09 0.00 0.03 0.07 
KI012 78.00 11.22 1.97 0.06 0.68 0.61 1.86 0.01 0.57 0.03 0.00 0.03 0.18 
KI013 73.30 11.77 3.87 0.07 0.99 1.10 2.01 0.03 0.58 0.07 0.00 0.05 0.28 
KI014 72.60 12.62 2.93 0.10 0.84 1.13 2.20 0.02 0.58 0.10 0.00 0.05 0.10 
KI015 71.20 13.46 3.13 0.06 0.97 1.11 2.22 0.02 0.62 0.09 0.00 0.05 0.06 
KI016 93.60 2.75 0.93 0.07 0.10 0.18 1.12 0.01 0.11 0.02 0.00 0.03 0.02 
KI017 60.40 3.52 29.37 0.07 0.31 0.48 0.95 0.32 0.13 0.11 0.00 0.02 0.06 
KI018 61.40 8.26 18.72 0.09 0.78 0.87 1.67 0.15 0.53 0.14 0.00 0.05 0.09 
KP002 70.10 12.72 5.02 0.26 1.24 0.89 1.64 0.02 0.49 0.03 0.01 0.02 0.35 
KP003 81.20 7.79 2.86 0.32 0.88 0.49 1.85 0.01 0.35 0.02 0.01 0.03 0.04 




Sample No SiO2 Al2O3 Fe2O3 CaO MgO Na2O K2O MnO TiO2 P2O5 Cr2O3 Ba Tot/C 
KP006 68.70 12.28 4.08 0.48 1.90 1.46 3.92 0.02 0.54 0.05 0.01 0.06 0.38 
KP007 84.40 6.54 2.16 0.06 0.61 0.56 1.71 0.01 0.26 0.04 0.01 0.04 0.36 
KP008 81.70 3.00 10.51 0.04 0.14 0.20 0.41 0.01 0.14 0.03 0.02 0.01 0.16 
Reg001 88.60 5.67 1.28 0.21 0.17 0.11 0.22 0.01 0.23 0.01 0.02 0.25 0.07 
Reg002 87.40 5.60 1.43 0.10 0.54 0.45 1.90 0.02 0.21 0.06 0.00 0.03 0.03 
Reg003 47.30 3.74 1.57 18.97 3.53 0.18 0.45 0.02 0.17 0.05 0.00 0.02 6.52 
Reg004 10.10 2.76 1.22 45.42 2.06 0.16 0.09 0.02 0.10 0.02 0.00 0.01 10.38 
Reg005 56.90 5.51 1.98 13.04 3.02 0.62 1.24 0.04 0.28 0.06 0.01 0.03 4.05 
Reg006 20.30 2.16 0.51 40.67 1.16 0.22 0.37 0.01 0.03 0.03 0.00 0.02 9.29 
Reg007 88.00 2.62 1.11 0.17 0.52 0.96 0.87 2.43 0.11 0.01 0.01 0.08 0.03 
Reg008 73.10 10.34 4.99 0.35 1.47 1.12 2.78 0.05 0.46 0.03 0.01 0.03 0.06 
Reg009 51.60 7.14 31.61 0.13 0.73 0.86 2.50 0.02 0.48 0.10 0.03 0.04 0.17 
Reg011 80.00 7.58 2.10 0.10 0.55 1.15 2.91 0.01 1.06 0.03 0.01 0.07 0.16 
Reg012 77.90 4.76 11.14 0.07 0.41 0.29 0.87 0.01 0.35 0.07 0.01 0.02 0.21 
Reg013 74.90 8.97 3.32 0.19 0.77 1.88 3.08 0.04 0.43 0.11 0.01 0.06 0.12 
Reg014 85.50 7.45 1.78 0.15 0.30 0.15 0.81 0.01 0.33 0.01 0.00 0.13 0.19 
Reg015 89.50 4.67 1.61 0.02 0.10 0.08 1.01 0.01 0.22 0.01 0.00 0.02 0.09 
Reg016 87.50 4.98 1.21 0.22 0.41 1.12 1.23 0.02 0.22 0.01 0.00 0.03 0.08 
Reg017 80.00 9.40 2.91 0.21 0.58 0.38 1.59 0.01 0.38 0.01 0.01 0.05 0.28 
Reg018 80.90 9.60 3.10 0.04 0.27 0.04 0.69 0.01 0.37 0.02 0.01 0.02 0.51 
Reg019 82.20 6.96 3.15 0.22 0.78 0.49 2.34 0.03 0.28 0.07 0.00 0.05 0.24 
Reg020 90.90 2.87 1.59 0.35 0.48 0.82 0.90 0.02 0.14 0.06 0.01 0.02 0.04 
Reg021 91.00 2.91 0.93 0.26 0.39 1.15 0.96 0.02 0.12 0.03 0.00 0.03 0.02 
Reg022 68.30 9.66 13.90 0.13 0.57 0.17 2.55 0.02 0.38 0.10 0.01 0.06 0.08 
Reg023 88.70 4.28 1.41 0.06 0.06 0.07 1.06 0.01 0.12 0.01 0.00 0.03 0.06 
Reg024 84.10 7.00 2.64 0.23 0.39 0.20 0.65 0.01 0.28 0.02 0.00 0.02 0.18 
Reg025 83.60 6.82 2.27 0.35 0.55 1.15 1.54 0.03 0.46 0.02 0.01 0.04 0.14 
Reg026 76.00 12.18 4.10 0.08 0.32 0.08 0.46 0.01 0.38 0.02 0.01 0.01 0.14 
Reg027 79.30 9.35 5.47 0.09 0.16 0.02 0.19 0.01 0.33 0.01 0.01 0.01 0.14 
Reg028 90.20 5.32 1.32 0.04 0.10 0.03 0.13 0.01 0.14 0.01 0.00 0.01 0.11 
Reg029 88.50 5.96 1.59 0.06 0.07 0.03 0.10 0.01 0.14 0.02 0.00 0.02 0.04 
Reg030 86.20 5.36 1.39 0.24 0.49 1.18 1.24 0.02 0.22 0.01 0.00 0.03 0.05 
Reg031 90.40 4.72 1.55 0.03 0.10 0.09 0.98 0.01 0.22 0.01 0.00 0.02 0.06 
Reg032 86.30 6.02 1.20 0.04 0.06 0.01 0.10 0.01 0.14 0.02 0.00 0.02 0.03 
Reg033 79.50 7.59 2.61 0.95 1.87 1.01 2.03 0.03 0.63 0.15 0.01 0.04 0.21 
Reg034 70.30 13.53 5.09 0.49 0.44 0.22 1.87 0.01 0.59 0.03 0.01 0.03 0.19 
Reg035 72.50 13.85 3.58 0.08 0.45 0.07 1.63 0.01 0.43 0.06 0.02 0.04 0.29 
Reg036 87.00 5.39 2.24 0.08 0.41 0.14 1.09 0.01 0.20 0.01 0.00 0.02 0.15 
Reg037 90.90 4.01 1.32 0.16 0.22 0.04 0.53 0.01 0.15 0.02 0.00 0.01 0.20 
Reg038 71.70 12.34 4.32 0.10 0.63 0.12 1.15 0.01 0.50 0.02 0.01 0.03 0.60 
Reg039 88.90 3.54 3.16 0.02 0.21 0.13 0.45 0.01 0.15 0.01 0.00 0.01 0.07 
Reg040 80.70 9.13 2.97 0.05 0.27 0.10 0.64 0.01 0.41 0.01 0.01 0.02 0.39 
Reg041 83.70 8.00 2.23 0.12 0.18 0.01 0.21 0.01 0.30 0.01 0.01 0.01 0.08 
Reg042 91.80 2.65 1.09 0.61 0.26 0.24 0.54 0.01 0.09 0.01 0.00 0.03 0.12 
Reg043 72.90 12.35 4.67 0.16 0.85 0.40 2.20 0.02 0.72 0.02 0.01 0.06 0.13 
Reg044 91.10 3.20 0.98 0.41 0.16 0.41 1.25 0.01 0.11 0.03 0.01 0.03 0.10 
Reg045 89.00 1.72 5.53 0.02 0.10 0.03 0.69 0.03 0.08 0.03 0.00 0.01 0.04 
Reg046 90.10 4.28 1.33 0.11 0.20 0.05 1.24 0.01 0.16 0.03 0.00 0.03 0.06 
Reg047 59.00 17.61 11.20 0.11 0.25 0.04 0.37 0.01 0.74 0.02 0.02 0.01 0.32 
Reg048 66.60 13.51 9.93 0.08 0.32 0.31 0.81 0.01 0.53 0.02 0.01 0.02 0.21 
Reg049 88.00 5.58 1.78 0.03 0.15 0.07 1.48 0.01 0.21 0.03 0.00 0.04 0.05 
Reg050 77.50 12.86 1.84 0.04 0.15 0.01 0.20 0.01 0.64 0.02 0.01 0.01 0.06 
Reg051 83.20 8.01 3.11 0.03 0.14 0.01 0.21 0.01 0.25 0.02 0.01 0.01 0.23 
Reg052 55.10 12.86 11.77 3.20 2.55 0.26 1.15 0.05 0.66 0.04 0.01 0.02 1.59 
Reg053 84.80 5.79 3.04 0.17 0.18 0.12 1.32 0.01 0.43 0.02 0.01 0.03 0.32 
Reg054 81.60 9.01 2.05 0.09 0.26 0.05 1.30 0.01 0.35 0.05 0.01 0.03 0.29 
Reg055 54.20 21.70 9.01 0.12 0.36 0.04 0.38 0.01 0.58 0.03 0.02 0.01 0.48 
Reg056 90.90 4.36 1.47 0.02 0.05 0.01 0.13 0.01 0.16 0.02 0.00 0.01 0.05 
Reg057 81.90 7.33 5.63 0.03 0.08 0.01 0.17 0.01 0.24 0.02 0.01 0.01 0.09 
Reg058 82.30 7.31 4.89 0.02 0.09 0.01 0.14 0.01 0.28 0.01 0.01 0.01 0.11 
Reg059 92.60 3.96 0.94 0.02 0.04 0.15 0.07 0.01 0.14 0.01 0.01 0.01 0.07 
Reg060 87.30 5.96 2.73 0.04 0.07 0.02 0.12 0.01 0.19 0.03 0.01 0.01 0.24 
Reg061 79.90 9.04 4.09 0.03 0.15 0.02 0.29 0.01 0.42 0.01 0.02 0.01 0.13 
Reg062 89.30 4.67 2.50 0.03 0.03 0.01 0.07 0.01 0.16 0.01 0.01 0.01 0.07 
Reg063 67.10 13.16 4.43 0.28 2.22 1.17 3.70 0.06 0.59 0.13 0.01 0.07 0.07 
Reg064 81.00 8.79 2.72 0.04 0.27 0.10 0.64 0.01 0.43 0.01 0.01 0.01 0.33 




Sample No SiO2 Al2O3 Fe2O3 CaO MgO Na2O K2O MnO TiO2 P2O5 Cr2O3 Ba Tot/C 
Reg066 54.30 21.32 8.55 0.14 0.37 0.05 0.39 0.01 0.67 0.03 0.02 0.01 0.54 
Reg068 75.50 5.75 12.31 0.32 0.38 0.16 0.31 0.01 0.70 0.01 0.00 0.06 0.18 
Reg069 67.20 9.12 5.42 5.81 0.73 0.23 0.48 0.01 0.61 0.01 0.00 0.02 1.84 
Reg070 83.40 4.97 6.20 0.22 0.28 0.10 0.48 0.01 0.56 0.01 0.00 0.03 0.26 
Reg071 58.70 7.05 22.69 0.46 0.55 0.09 0.31 0.01 0.57 0.02 0.02 0.06 0.09 
Reg072 73.50 7.03 9.37 0.80 0.89 0.34 0.63 0.02 0.12 0.03 0.00 0.03 0.83 
Reg073 66.70 14.36 3.97 0.42 1.24 1.44 3.89 0.02 0.53 0.01 0.01 0.06 0.04 
Reg074 40.70 31.77 9.26 0.10 0.51 0.11 0.61 0.05 1.02 0.02 0.01 0.01 0.09 
Reg075 45.60 1.54 44.97 0.51 0.47 0.11 0.64 0.11 0.07 0.05 0.00 0.10 0.23 
Reg076 46.00 1.68 43.71 0.83 0.50 0.12 0.70 0.23 0.07 0.04 0.00 0.04 0.28 
Reg078 94.30 2.56 0.84 0.06 0.40 0.25 0.94 0.02 0.12 0.03 0.01 0.02 0.01 
WB001 76.00 10.72 2.85 0.11 0.93 1.07 3.90 0.02 0.67 0.03 0.00 0.06 0.05 
WB002 62.10 9.88 16.84 0.14 1.02 0.91 3.31 0.01 0.53 0.11 0.00 0.05 0.07 
WB003 83.30 8.21 0.73 0.07 0.39 0.94 3.82 0.01 0.79 0.01 0.00 0.07 0.02 
WB004 57.60 7.89 24.23 0.27 0.92 0.58 2.84 0.02 0.66 0.07 0.00 0.07 0.16 
WB005 77.90 9.56 2.70 0.13 0.84 0.66 3.57 0.01 1.02 0.02 0.00 0.11 0.03 
WB006 82.40 5.23 0.59 0.14 0.57 1.94 2.30 0.01 0.99 0.02 0.00 0.11 0.02 
WB007 59.30 19.03 4.06 0.23 1.55 0.67 3.10 0.03 0.55 0.03 0.00 0.03 0.06 
CJ029 72.20 12.45 4.77 1.41 2.02 1.91 2.64 0.07 0.59 0.18 0.0005 0.06 0.18 
KP009 67.70 14.06 5.97 1.84 2.89 2.52 2.77 0.06 0.70 0.12 0.0240 0.06 0.06 
HC015 59.10 15.93 9.80 1.02 3.05 1.76 3.67 0.07 1.41 0.30 0.01 0.04 0.24 
Arckaringa Basin 
BC001 77.90 2.35 1.64 4.49 3.07 0.31 0.65 0.07 0.20 0.04 0.00 0.02 1.78 
BC002 73.60 3.50 2.03 6.06 3.16 0.28 1.04 0.08 0.16 0.05 0.00 0.03 1.99 
BC003 56.60 2.52 29.65 2.38 0.60 0.32 0.95 0.08 0.11 0.08 0.00 0.07 0.25 
BC004 58.80 3.31 2.44 10.64 6.89 0.58 0.93 0.08 0.16 0.07 0.00 0.03 4.50 
BC005 77.70 2.85 13.52 0.35 0.30 0.51 1.11 0.02 0.13 0.04 0.00 0.02 0.13 
BC006 67.00 3.70 2.87 8.93 4.19 0.42 1.07 0.10 0.15 0.10 0.00 0.04 3.08 
MD001 68.40 6.99 14.43 0.21 2.10 0.29 2.85 0.40 0.41 0.10 0.00 0.03 0.04 
MD002 30.70 3.55 52.58 0.68 1.68 0.08 1.12 0.67 0.23 0.16 0.00 0.03 0.13 
MD003 40.70 2.19 48.64 0.48 0.22 0.07 0.59 0.67 0.08 0.20 0.00 0.08 0.07 
MD004 90.20 4.49 0.79 0.16 0.50 0.07 1.63 0.02 0.27 0.05 0.00 0.03 0.01 
MD005 78.40 7.50 2.40 1.20 0.69 0.96 1.92 0.06 0.54 0.10 0.00 0.04 0.03 
MT001 75.10 10.15 4.65 0.64 1.00 0.78 2.15 0.13 0.74 0.14 0.00 0.05 0.12 
MT002 60.20 18.27 4.87 0.22 2.23 2.25 3.72 0.04 0.72 0.08 0.00 0.07 0.22 
MT003 66.30 14.17 4.37 0.97 1.94 1.27 2.87 0.05 0.79 0.12 0.00 0.05 0.11 
MT004 68.00 13.88 4.71 0.41 2.02 1.34 2.79 0.05 0.80 0.12 0.00 0.06 0.10 
MT005 57.70 17.92 4.98 0.46 2.46 2.63 3.55 0.04 0.80 0.10 0.00 0.06 0.31 
MT006 59.10 19.82 4.21 0.17 2.13 1.89 3.79 0.04 0.80 0.10 0.00 0.07 0.37 
MT007 2.90 2.26 1.15 25.77 0.28 0.25 0.09 0.01 0.03 0.05 0.00 0.02 9.15 
MT008 76.90 2.26 0.45 6.21 0.09 0.16 0.84 0.01 0.28 0.01 0.00 0.02 0.20 
MT009 3.10 0.53 1.01 30.80 0.13 0.02 0.02 0.28 0.01 0.01 0.00 0.01 1.27 
MT010 58.50 17.01 5.49 0.61 2.71 2.53 3.59 0.05 0.85 0.14 0.00 0.08 0.39 
MT011 49.00 12.91 3.19 6.64 1.54 2.30 2.65 0.04 0.76 0.30 0.00 0.04 1.16 
MT012 64.40 13.01 8.41 0.20 1.85 1.83 3.20 0.17 0.70 0.13 0.00 0.08 0.23 
MT013 69.70 11.04 6.92 0.24 1.46 1.39 2.91 0.11 0.67 0.11 0.00 0.06 0.22 
MT014 58.60 17.78 4.73 0.17 2.18 2.38 4.10 0.05 0.80 0.09 0.00 0.06 1.06 
MT015 62.90 13.86 8.02 0.19 2.32 1.43 3.44 0.15 0.76 0.12 0.00 0.07 0.36 
MT016 37.60 7.89 5.71 2.04 2.25 6.27 1.94 0.16 0.45 0.28 0.00 0.08 11.22 
MT017 90.20 1.53 0.68 1.46 0.10 0.53 0.67 0.03 0.40 0.01 0.00 0.02 0.19 
MT018 10.20 4.31 3.63 3.69 2.08 13.22 0.92 0.05 0.13 0.38 0.00 0.10 21.34 
MT019 56.80 19.77 1.30 1.25 0.77 3.03 3.75 0.01 0.80 0.04 0.00 0.06 1.33 
MT020 38.60 8.92 1.64 8.01 0.91 2.46 0.96 0.01 0.61 0.03 0.00 0.03 9.68 
MT021 65.90 15.39 2.19 0.68 0.92 2.05 2.79 0.02 0.94 0.05 0.00 0.04 0.57 
MT023 62.90 16.74 3.69 0.15 1.67 2.18 2.98 0.04 0.85 0.07 0.00 0.05 0.77 
MT024 59.60 20.37 3.13 0.18 1.64 2.03 3.40 0.03 0.81 0.03 0.00 0.06 0.46 
MT025 77.30 2.23 1.05 7.69 0.46 0.44 0.34 0.01 0.26 0.01 0.00 0.01 1.95 
MT026 69.60 11.13 0.77 0.51 0.52 2.08 1.29 0.01 0.56 0.02 0.00 0.02 4.46 








Tot/S Ba Be Co Cs Ga Hf Nb Rb Sn 
 
% ppm ppm ppm ppm ppm ppm ppm ppm ppm 
Analysis XRF ICP-MS ICP-MS ICP-MS ICP-MS ICP-MS ICP-MS ICP-MS ICP-MS ICP-MS 
Det. limit 0.002 1 1 0.2 0.1 0.5 0.1 0.1 0.1 1 
Sample 
No 
                    
Troubridge Basin  
CJ002 0.01 535.00 1.00 4.40 5.40 9.20 6.10 7.10 100.80 2.00 
CJ003 0.03 517.00 1.00 4.60 3.40 7.30 5.10 5.80 75.80 2.00 
CJ004 0.01 599.00 0.50 5.50 4.00 9.00 6.10 6.80 99.10 2.00 
CJ005 0.01 439.00 0.50 3.50 3.30 6.90 6.00 6.00 81.10 2.00 
CJ006 0.01 472.00 0.50 3.90 3.80 8.50 6.10 6.80 96.70 2.00 
CJ007 0.01 374.00 0.50 2.80 1.90 5.00 5.90 4.40 56.80 1.00 
CJ008 0.01 214.00 0.50 1.20 0.80 2.10 3.90 2.20 30.00 2.00 
CJ009 0.03 491.00 0.50 3.90 3.10 7.80 5.80 6.50 90.90 2.00 
CJ010 0.01 876.00 0.50 4.90 3.80 6.90 7.30 6.20 83.70 2.00 
CJ011 0.02 247.00 2.00 10.30 1.00 2.40 4.30 1.80 30.90 2.00 
CJ012 0.01 145.00 0.50 0.50 0.40 1.40 3.40 1.20 18.80 0.50 
CJ013 0.01 294.00 0.50 1.70 1.50 3.40 5.80 3.10 41.90 0.50 
CJ014 0.01 246.00 0.50 1.70 1.20 2.60 6.90 2.90 40.60 0.50 
CJ015 0.01 108.00 0.50 0.30 0.30 1.10 2.70 1.00 13.90 0.50 
CJ016 0.01 359.00 0.50 12.70 7.30 9.50 6.70 9.40 121.90 3.00 
CJ017 0.03 338.00 0.50 0.90 1.30 4.50 4.60 3.40 45.80 0.50 
CJ018 0.01 170.00 0.50 0.80 0.80 1.70 2.40 1.30 22.40 0.50 
CJ019 0.01 728.00 1.00 4.10 3.10 5.50 9.70 5.50 72.20 1.00 
CJ020 0.01 98.00 0.50 0.40 0.30 1.20 2.20 0.80 11.70 0.50 
CJ021 0.02 686.00 2.00 7.40 8.00 14.40 6.20 12.60 164.30 3.00 
CJ022 0.01 147.00 0.50 0.60 0.50 1.20 1.60 0.80 19.00 0.50 
CJ023 0.09 558.00 2.00 6.20 7.70 13.50 7.00 11.20 148.00 3.00 
CJ024 0.03 556.00 2.00 6.60 6.30 13.00 7.20 10.70 134.90 3.00 
CJ025 0.05 551.00 2.00 12.60 12.90 17.10 5.70 13.40 179.10 4.00 
CJ026 0.05 477.00 2.00 4.40 8.60 16.30 5.60 12.60 135.50 4.00 
CJ027 0.05 270.00 0.50 3.30 2.00 5.80 4.00 3.70 49.70 1.00 
CJ028 0.03 394.00 1.00 1.70 5.00 11.20 5.10 7.90 91.30 2.00 
HC002 0.08 64.00 1.00 2.10 0.50 4.20 4.90 5.20 9.00 0.50 
HC003 0.01 431.00 1.00 7.70 4.60 7.30 8.40 7.10 69.20 2.00 
HC004 0.01 311.00 1.00 4.00 1.50 5.20 5.00 3.90 44.00 0.50 
HC005 0.07 354.00 1.00 3.80 1.90 5.20 6.90 4.30 48.00 2.00 
HC006 0.01 210.00 2.00 2.20 1.50 3.70 2.70 2.50 32.80 0.50 
HC007 0.01 261.00 0.50 2.40 1.70 3.50 3.70 2.80 38.90 0.50 
HC008 0.03 280.00 0.50 2.40 2.00 3.60 6.20 4.00 40.70 0.50 
HC009 0.05 368.00 2.00 3.60 3.20 6.20 5.50 4.60 53.10 0.50 
HC010 0.01 191.00 1.00 1.40 1.20 2.30 5.40 2.70 28.10 0.50 
HC011 0.01 436.00 3.00 10.50 5.00 11.70 6.20 9.60 93.00 2.00 
HC013 0.12 203.00 1.00 1.70 0.90 2.10 2.30 1.60 28.70 0.50 
HC014 0.01 463.00 4.00 9.40 5.20 12.70 7.60 9.50 92.00 2.00 
KI001 0.01 316.00 2.00 15.40 4.30 21.30 10.00 14.50 72.20 3.00 
KI003 0.01 260.00 0.50 7.50 1.20 4.00 2.70 2.30 42.30 0.50 
KI004 0.01 248.00 0.50 1.70 1.20 3.60 2.00 2.00 39.00 0.50 
KI005 0.01 287.00 0.50 3.00 0.70 4.60 3.70 4.30 44.20 0.50 
KI006 0.01 350.00 1.00 3.20 0.50 7.10 4.40 5.60 51.20 1.00 
KI007 0.01 235.00 0.50 3.60 0.60 3.20 3.50 3.00 35.90 0.50 
KI008 0.01 568.00 1.00 60.40 0.50 3.90 2.30 1.70 34.10 0.50 
KI009 0.05 406.00 1.00 5.60 5.10 14.70 5.80 11.80 97.30 3.00 
KI010 0.03 498.00 0.50 1.50 2.40 7.00 5.40 5.70 64.30 1.00 
KI011 0.01 222.00 0.50 3.30 0.60 3.90 3.30 2.00 30.80 0.50 
KI012 0.03 290.00 2.00 2.00 4.90 12.60 6.80 12.60 101.50 3.00 
KI013 0.08 388.00 2.00 5.70 6.40 14.10 6.40 12.80 109.80 4.00 
KI014 0.20 504.00 2.00 4.00 6.80 17.60 6.10 14.70 120.90 4.00 
KI015 0.06 429.00 2.00 4.30 7.70 17.10 6.40 16.20 133.60 4.00 
KI016 0.01 271.00 0.50 1.00 1.20 3.10 4.00 2.80 41.90 0.50 
KI017 0.01 243.00 0.50 5.10 1.10 5.80 4.10 3.60 36.00 1.00 
KI018 0.04 458.00 2.00 10.20 4.80 18.10 6.40 13.20 90.20 3.00 
KP002 0.04 151.00 0.50 7.40 3.90 16.50 12.50 7.80 74.10 3.00 
KP003 0.01 324.00 2.00 3.60 3.50 10.00 7.40 7.50 74.90 2.00 






Tot/S Ba Be Co Cs Ga Hf Nb Rb Sn 
KP006 0.07 639.00 5.00 6.50 6.80 15.90 5.60 10.60 145.90 3.00 
KP007 0.01 363.00 3.00 2.30 2.60 8.60 5.00 7.30 64.80 1.00 
KP008 0.04 82.00 0.50 4.80 0.70 5.10 4.60 3.90 19.40 0.50 
Reg001 0.07 2649.00 2.00 3.70 0.80 5.60 4.40 3.60 5.70 0.50 
Reg002 0.01 348.00 1.00 1.80 2.50 5.30 4.70 3.80 61.10 1.00 
Reg003 0.03 171.00 2.00 4.80 1.10 4.30 2.80 2.10 26.60 0.50 
Reg004 0.07 89.00 0.50 3.70 0.70 3.50 0.60 1.00 16.80 0.50 
Reg005 0.16 253.00 0.50 6.10 1.40 5.60 3.30 3.20 49.60 1.00 
Reg006 0.09 220.00 0.50 2.90 0.70 2.30 0.80 0.70 30.00 0.50 
Reg007 0.05 812.00 0.50 571.10 0.70 6.70 5.20 1.80 23.40 0.50 
Reg008 0.03 383.00 0.50 10.00 3.30 13.70 5.50 6.80 78.80 2.00 
Reg009 0.10 417.00 1.00 3.40 4.20 24.90 4.80 10.10 85.80 3.00 
Reg011 0.16 790.00 0.50 2.10 3.90 23.80 10.40 17.10 95.70 5.00 
Reg012 0.02 213.00 0.50 2.50 2.30 11.10 4.00 4.90 39.20 2.00 
Reg013 0.15 545.00 0.50 5.50 3.20 11.40 10.10 8.80 89.60 2.00 
Reg014 0.03 1402.00 0.50 3.10 2.80 9.30 5.70 5.40 41.80 2.00 
Reg015 0.01 257.00 0.50 1.40 1.70 5.30 4.90 4.70 40.10 2.00 
Reg016 0.01 297.00 2.00 2.30 1.30 6.30 4.50 4.80 46.10 1.00 
Reg017 0.01 542.00 0.50 3.90 4.30 11.30 6.30 6.90 87.80 2.00 
Reg018 0.01 156.00 0.50 2.40 3.20 11.80 4.80 6.20 45.40 1.00 
Reg019 0.01 456.00 2.00 6.30 3.00 7.80 5.50 6.50 86.10 2.00 
Reg020 0.01 214.00 0.50 2.10 1.80 3.40 5.10 3.20 38.80 0.50 
Reg021 0.01 233.00 0.50 1.70 1.00 3.40 5.30 2.30 33.70 0.50 
Reg022 0.01 534.00 3.00 4.80 8.60 13.10 5.60 9.40 116.40 3.00 
Reg023 0.01 266.00 0.50 1.40 0.90 4.70 4.40 2.70 35.00 2.00 
Reg024 0.01 192.00 0.50 5.00 2.30 9.10 3.40 4.60 36.80 2.00 
Reg025 0.01 386.00 0.50 12.50 1.70 7.30 10.70 9.10 57.80 2.00 
Reg026 0.01 90.00 0.50 3.40 3.40 14.60 4.50 5.80 36.50 2.00 
Reg027 0.01 53.00 0.50 2.90 1.80 11.90 6.10 5.00 17.80 3.00 
Reg028 0.01 68.00 0.50 1.60 0.90 5.70 3.40 2.30 10.50 1.00 
Reg029 0.01 190.00 0.50 1.00 0.60 5.70 3.60 2.70 6.80 1.00 
Reg030 0.01 272.00 0.50 2.40 1.30 6.10 5.70 4.80 46.20 2.00 
Reg031 0.01 227.00 2.00 1.00 1.20 5.00 4.60 4.00 39.70 1.00 
Reg032 0.01 203.00 3.00 0.80 0.70 6.40 3.00 2.50 6.80 1.00 
Reg033 0.01 414.00 0.50 2.80 2.60 9.10 9.40 9.40 72.50 5.00 
Reg034 0.01 351.00 0.50 4.60 4.10 17.10 9.30 7.90 116.40 3.00 
Reg035 0.01 391.00 1.00 3.00 4.20 16.00 7.10 7.50 96.00 3.00 
Reg036 0.01 234.00 0.50 1.70 2.10 6.30 4.40 3.70 51.00 3.00 
Reg037 0.01 124.00 2.00 0.80 1.20 4.50 2.70 2.40 23.80 2.00 
Reg038 0.01 203.00 3.00 4.90 5.40 15.30 5.90 7.80 109.20 2.00 
Reg039 0.01 117.00 2.00 1.40 1.30 4.50 5.10 2.60 24.40 0.50 
Reg040 0.01 161.00 1.00 2.70 2.80 10.90 6.80 5.60 41.50 1.00 
Reg041 0.01 42.00 0.50 1.60 1.50 9.60 3.90 3.90 14.80 1.00 
Reg042 0.01 315.00 0.50 1.10 1.30 2.60 3.20 1.20 24.00 0.50 
Reg043 0.01 516.00 0.50 8.80 6.30 16.40 15.30 12.50 141.50 3.00 
Reg044 0.03 327.00 2.00 1.60 1.10 2.50 5.50 2.60 43.10 0.50 
Reg045 0.13 142.00 0.50 1.80 0.70 3.40 1.90 0.80 23.10 0.50 
Reg046 0.01 261.00 0.50 1.70 2.10 5.20 3.60 2.40 45.80 0.50 
Reg047 0.05 71.00 2.00 6.30 3.90 23.20 6.90 10.70 33.10 2.00 
Reg048 0.05 123.00 3.00 3.90 1.90 18.30 5.90 7.50 41.80 2.00 
Reg049 0.01 371.00 0.50 1.00 1.80 5.80 6.10 4.30 55.20 0.50 
Reg050 0.01 54.00 0.50 2.00 1.10 18.00 6.60 9.40 13.00 2.00 
Reg051 0.01 45.00 0.50 2.20 1.50 9.70 4.50 3.80 17.60 0.50 
Reg052 0.01 192.00 0.50 7.50 3.60 15.90 6.40 10.50 55.80 2.00 
Reg053 0.01 291.00 2.00 2.20 2.50 6.30 7.50 7.30 63.10 0.50 
Reg054 0.01 278.00 0.50 1.90 3.60 11.30 4.30 6.60 67.30 2.00 
Reg055 0.03 71.00 0.50 7.50 4.10 23.10 5.10 7.90 42.40 3.00 
Reg056 0.01 47.00 0.50 0.60 0.70 4.80 4.00 2.00 8.80 0.50 
Reg057 0.02 56.00 0.50 1.30 1.00 9.40 5.30 3.90 11.00 0.50 
Reg058 0.01 43.00 0.50 1.70 1.10 8.10 4.20 3.90 11.20 0.50 
Reg059 0.01 30.00 0.50 0.50 0.40 3.80 3.90 2.20 4.70 0.50 
Reg060 0.01 39.00 0.50 0.90 0.80 6.30 2.80 2.60 8.80 0.50 
Reg061 0.01 66.00 0.50 1.90 1.20 12.50 6.10 7.10 19.80 1.00 
Reg062 0.01 24.00 1.00 0.50 0.40 6.30 4.30 3.70 5.50 0.50 
Reg063 0.01 600.00 2.00 15.90 9.40 17.10 6.00 13.50 165.80 4.00 






Tot/S Ba Be Co Cs Ga Hf Nb Rb Sn 
Reg065 0.04 76.00 2.00 6.80 4.20 23.40 8.30 11.30 36.30 3.00 
Reg066 0.02 73.00 2.00 7.70 4.30 23.30 4.80 7.60 43.30 4.00 
Reg068 0.04 683.00 0.50 8.60 1.00 8.00 13.10 8.80 14.10 1.00 
Reg069 0.01 212.00 1.00 6.00 2.20 11.50 6.70 8.80 31.30 1.00 
Reg070 0.01 269.00 0.50 4.80 1.00 6.20 6.90 6.50 18.70 1.00 
Reg071 0.03 649.00 0.50 11.90 0.90 9.20 6.00 7.40 16.50 1.00 
Reg072 0.01 229.00 0.50 4.90 0.05 5.80 2.40 2.10 12.60 0.50 
Reg073 0.02 654.00 3.00 4.00 6.40 16.90 11.00 115.50 142.80 4.00 
Reg074 0.02 90.00 11.00 20.00 7.00 33.30 6.60 12.70 66.80 6.00 
Reg075 0.05 940.00 1.00 74.80 1.30 2.20 2.80 2.20 24.40 0.50 
Reg076 0.34 430.00 1.00 85.40 1.30 2.20 3.00 2.10 26.40 0.50 
Reg078 0.01 208.00 2.00 1.80 1.20 2.80 3.00 1.90 30.90 0.50 
WB001 0.01 629.00 2.00 1.60 6.00 19.60 6.40 16.30 134.10 5.00 
WB002 0.01 609.00 2.00 2.60 7.90 21.00 5.20 12.80 127.50 4.00 
WB003 0.01 832.00 1.00 0.80 4.60 16.10 7.40 18.50 127.20 6.00 
WB004 0.10 776.00 1.00 2.60 6.00 24.70 6.50 13.00 105.30 4.00 
WB005 0.03 1237.00 2.00 2.20 6.20 25.50 8.10 18.90 131.20 5.00 
WB006 0.14 1163.00 0.50 0.70 2.20 18.80 8.70 17.70 73.30 6.00 
WB007 0.47 289.00 2.00 5.00 5.50 13.10 4.70 8.40 91.00 2.00 
CJ029 0.01 561.00 2.00 13.10 7.70 15.30 4.50 12.60 153.90 4.00 
KP009 0.01 544.00 2.00 15.70 7.20 18.40 4.50 13.40 149.60 5.00 
HC015 0.01 278.00 4.00 25.30 7.40 21.60 6.50 21.20 169.60 4.00 
Arckaringa Basin 
BC001 0.01 268.00 0.50 2.40 0.60 2.40 4.90 2.40 29.00 0.50 
BC002 0.64 301.00 0.50 2.70 0.90 3.40 5.20 3.10 40.40 0.50 
BC003 0.64 752.00 0.50 12.70 0.60 2.50 4.20 2.50 31.60 0.50 
BC004 0.04 387.00 0.50 1.70 0.70 3.10 4.30 2.90 37.10 0.50 
BC005 0.03 292.00 1.00 6.60 0.60 2.90 4.60 2.50 36.80 0.50 
BC006 0.01 411.00 0.50 5.10 0.90 3.20 5.50 3.30 41.60 0.50 
MD001 0.08 345.00 1.00 8.40 2.10 8.30 5.70 7.10 90.40 2.00 
MD002 0.28 239.00 2.00 8.00 1.20 5.10 3.60 4.00 34.50 1.00 
MD003 0.26 774.00 2.00 26.40 1.10 2.70 2.50 1.90 22.00 0.50 
MD004 0.01 315.00 0.50 5.10 2.20 4.90 8.00 5.00 62.10 1.00 
MD005 0.82 387.00 1.00 3.00 2.10 9.30 14.70 10.80 76.10 2.00 
MT001 0.16 450.00 1.00 9.00 3.10 12.20 13.00 17.20 98.30 6.00 
MT002 0.16 675.00 4.00 11.00 10.00 24.70 5.70 21.20 191.20 6.00 
MT003 0.43 571.00 3.00 10.80 6.80 18.90 10.60 21.70 145.50 5.00 
MT004 0.19 572.00 2.00 13.90 6.30 17.30 10.40 21.30 135.00 5.00 
MT005 0.28 632.00 4.00 14.30 9.30 23.70 6.40 23.20 175.00 6.00 
MT006 0.13 725.00 4.00 17.20 9.40 27.30 6.10 23.60 191.30 7.00 
MT007 13.49 176.00 0.50 2.90 0.30 2.50 0.60 2.20 7.00 0.50 
MT008 3.26 156.00 0.50 3.20 1.00 2.60 9.90 6.20 30.20 0.50 
MT009 16.82 96.00 0.50 21.10 0.10 5.10 0.70 1.60 1.70 0.50 
MT010 0.41 745.00 2.00 11.30 8.00 27.90 7.50 24.10 173.10 6.00 
MT011 3.52 453.00 4.00 11.50 8.30 20.20 6.40 17.60 132.80 4.00 
MT012 0.16 740.00 2.00 12.90 6.70 19.70 8.80 19.70 149.80 4.00 
MT013 0.13 568.00 2.00 11.20 5.50 16.00 9.60 18.50 133.40 4.00 
MT014 0.10 598.00 4.00 14.20 11.70 25.90 6.20 22.40 197.10 6.00 
MT015 0.14 611.00 2.00 14.90 8.10 20.00 8.90 20.10 164.00 5.00 
MT016 1.53 873.00 3.00 8.10 4.60 12.50 6.30 12.60 90.00 4.00 
MT017 0.88 140.00 0.50 0.60 0.90 1.50 19.20 9.10 24.00 0.50 
MT018 3.47 1025.00 0.50 9.40 2.40 9.50 1.70 4.50 20.00 1.00 
MT019 0.72 686.00 2.00 3.50 10.10 25.60 4.20 21.70 186.70 7.00 
MT020 4.18 239.00 2.00 8.80 8.50 10.70 7.70 11.80 80.40 3.00 
MT021 0.53 521.00 2.00 4.00 5.70 18.20 9.30 23.10 128.10 6.00 
MT023 0.15 518.00 2.00 6.50 7.50 23.80 9.00 29.80 140.50 7.00 
MT024 0.17 594.00 3.00 16.20 9.70 27.90 4.90 25.90 170.90 7.00 
MT025 0.18 80.00 0.50 1.80 2.40 3.50 8.60 7.20 23.50 0.50 
MT026 0.10 164.00 1.00 2.70 4.50 13.90 11.90 27.70 59.50 5.00 
MT027 0.11 28.00 0.50 0.90 0.50 1.10 1.80 1.40 7.70 0.50 
MT001 0.16 450.00 1.00 9.00 3.10 12.20 13.00 17.20 98.30 6.00 
MT002 0.16 675.00 4.00 11.00 10.00 24.70 5.70 21.20 191.20 6.00 
MT003 0.43 571.00 3.00 10.80 6.80 18.90 10.60 21.70 145.50 5.00 
MT004 0.19 572.00 2.00 13.90 6.30 17.30 10.40 21.30 135.00 5.00 
MT005 0.28 632.00 4.00 14.30 9.30 23.70 6.40 23.20 175.00 6.00 






Tot/S Ba Be Co Cs Ga Hf Nb Rb Sn 
MT007 13.49 176.00 0.50 2.90 0.30 2.50 0.60 2.20 7.00 0.50 
MT008 3.26 156.00 0.50 3.20 1.00 2.60 9.90 6.20 30.20 0.50 
MT009 16.82 96.00 0.50 21.10 0.10 5.10 0.70 1.60 1.70 0.50 
MT010 0.41 745.00 2.00 11.30 8.00 27.90 7.50 24.10 173.10 6.00 
MT011 3.52 453.00 4.00 11.50 8.30 20.20 6.40 17.60 132.80 4.00 
MT012 0.16 740.00 2.00 12.90 6.70 19.70 8.80 19.70 149.80 4.00 
MT013 0.13 568.00 2.00 11.20 5.50 16.00 9.60 18.50 133.40 4.00 
MT014 0.10 598.00 4.00 14.20 11.70 25.90 6.20 22.40 197.10 6.00 
MT015 0.14 611.00 2.00 14.90 8.10 20.00 8.90 20.10 164.00 5.00 
MT016 1.53 873.00 3.00 8.10 4.60 12.50 6.30 12.60 90.00 4.00 
MT017 0.88 140.00 0.50 0.60 0.90 1.50 19.20 9.10 24.00 0.50 
MT018 3.47 1025.00 0.50 9.40 2.40 9.50 1.70 4.50 20.00 1.00 
MT019 0.72 686.00 2.00 3.50 10.10 25.60 4.20 21.70 186.70 7.00 
MT020 4.18 239.00 2.00 8.80 8.50 10.70 7.70 11.80 80.40 3.00 
MT021 0.53 521.00 2.00 4.00 5.70 18.20 9.30 23.10 128.10 6.00 
MT023 0.15 518.00 2.00 6.50 7.50 23.80 9.00 29.80 140.50 7.00 
MT024 0.17 594.00 3.00 16.20 9.70 27.90 4.90 25.90 170.90 7.00 
MT025 0.18 80.00 0.50 1.80 2.40 3.50 8.60 7.20 23.50 0.50 
MT026 0.10 164.00 1.00 2.70 4.50 13.90 11.90 27.70 59.50 5.00 
MT027 0.11 28.00 0.50 0.90 0.50 1.10 1.80 1.40 7.70 0.50 
 
 
Sr Ta Th U V W Zr Y La Ce  
ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm 
Analysis ICP-MS ICP-MS ICP-MS ICP-MS ICP-MS ICP-MS ICP-MS ICP-MS ICP-MS ICP-MS 
Det. limit 0.5 0.1 0.2 0.1 8 0.5 0.1 0.1 0.1 0.1 
Sample 
No 
  Ta Th U V W Zr Y La Ce 
Troubridge Basin  
CJ002 79.00 0.60 10.30 1.40 38.00 1.60 227.40 18.70 27.20 55.40 
CJ003 176.50 0.50 9.30 1.40 31.00 1.10 171.90 16.50 24.10 48.00 
CJ004 131.50 0.60 10.60 2.10 41.00 1.40 204.30 17.10 26.70 54.20 
CJ005 64.10 0.50 7.10 1.50 28.00 1.10 226.80 12.30 19.00 37.30 
CJ006 76.60 0.50 9.80 1.40 37.00 1.30 243.90 14.10 25.80 51.30 
CJ007 81.80 0.40 7.00 0.90 22.00 0.50 217.40 9.70 17.30 30.00 
CJ008 34.20 0.20 2.30 0.60 8.00 0.25 157.10 7.00 6.00 12.50 
CJ009 136.50 0.50 14.00 1.30 35.00 0.90 213.20 15.90 33.00 64.00 
CJ010 73.40 0.50 8.30 1.30 30.00 1.00 289.80 13.80 21.30 43.00 
CJ011 169.80 0.40 2.50 1.00 10.00 0.25 170.10 61.80 15.60 31.00 
CJ012 205.50 0.10 1.80 0.60 4.00 0.25 141.00 25.30 6.00 12.30 
CJ013 75.20 0.30 4.70 1.00 17.00 0.60 214.10 8.20 11.90 24.40 
CJ014 43.60 0.40 3.90 0.90 12.00 0.25 252.60 7.00 8.10 21.40 
CJ015 181.70 0.05 1.60 0.90 4.00 0.25 97.40 6.50 4.40 8.30 
CJ016 122.90 0.70 13.70 2.20 49.00 0.70 248.20 27.10 35.70 73.10 
CJ017 88.00 0.30 4.50 0.70 16.00 0.25 172.70 9.70 12.80 25.20 
CJ018 236.10 0.10 2.20 1.90 4.00 0.25 97.80 23.40 16.50 28.30 
CJ019 179.50 0.40 5.10 1.30 25.00 0.90 409.50 22.00 15.20 28.30 
CJ020 167.40 0.05 1.50 0.70 4.00 0.25 81.60 11.70 5.60 10.50 
CJ021 84.80 0.90 17.80 3.00 62.00 2.40 211.40 23.70 43.10 83.30 
CJ022 258.40 0.05 1.80 2.60 4.00 0.25 63.40 23.00 13.20 24.50 
CJ023 82.00 1.00 17.20 4.90 63.00 2.40 239.60 26.00 41.30 84.50 
CJ024 83.20 0.90 15.70 5.40 61.00 1.90 253.80 25.40 39.60 81.00 
CJ025 90.90 1.00 20.90 3.80 83.00 2.10 195.50 39.70 50.90 106.20 
CJ026 564.30 1.00 20.70 2.60 76.00 2.60 188.10 28.30 52.60 117.80 
CJ027 299.00 0.30 5.40 1.40 29.00 0.60 145.10 8.30 15.90 39.30 
CJ028 230.90 0.70 13.80 2.70 58.00 1.40 176.60 15.10 40.00 99.00 
HC002 66.40 0.60 3.50 0.80 24.00 1.00 225.40 8.60 9.50 18.40 
HC003 70.50 0.50 7.90 1.40 46.00 1.20 293.70 16.50 20.30 42.40 
HC004 65.60 0.30 4.40 1.10 27.00 0.25 203.20 14.90 11.80 23.80 
HC005 56.20 0.30 3.90 0.80 24.00 0.70 229.80 11.60 12.40 24.60 
HC006 35.30 0.10 3.00 0.70 18.00 1.70 98.00 7.40 9.00 18.70 
HC007 42.30 0.20 2.80 0.40 13.00 0.25 145.30 7.60 9.20 19.10 
HC008 43.10 0.20 3.40 0.80 18.00 0.70 246.40 9.60 11.00 21.10 
HC009 54.10 0.50 5.10 0.70 31.00 0.80 201.80 12.40 15.20 29.70 






Sr Ta Th U V W Zr Y La Ce 
HC011 91.00 0.70 10.90 1.40 61.00 1.40 245.00 30.70 31.80 66.30 
HC013 33.80 0.05 2.20 0.40 10.00 0.60 105.00 6.70 7.50 14.30 
HC014 89.60 0.90 11.30 1.30 69.00 1.70 264.10 27.40 35.40 69.60 
KI001 71.90 1.10 23.60 3.20 226.00 2.10 345.70 47.00 64.70 123.80 
KI003 39.30 0.20 4.30 0.90 79.00 0.25 97.10 10.40 10.60 21.40 
KI004 127.90 0.10 3.00 0.60 25.00 0.25 75.90 7.90 8.70 16.70 
KI005 85.70 0.30 5.80 0.80 31.00 0.25 119.50 10.60 13.30 27.00 
KI006 61.30 0.40 7.60 1.10 77.00 0.70 158.30 15.30 20.00 41.70 
KI007 101.80 0.20 6.30 0.90 39.00 0.25 122.20 9.80 12.80 26.50 
KI008 50.60 0.10 2.80 1.30 66.00 0.25 75.30 15.80 11.70 31.40 
KI009 288.00 0.80 18.00 2.40 73.00 1.40 201.80 11.60 39.20 76.90 
KI010 108.40 0.40 14.50 1.70 37.00 0.70 198.40 7.10 14.60 28.20 
KI011 47.80 0.10 10.80 1.80 14.00 0.25 126.40 3.60 6.20 11.80 
KI012 98.00 1.10 9.70 2.50 56.00 1.60 242.70 10.60 22.70 40.30 
KI013 211.50 1.10 14.00 2.50 61.00 1.70 203.50 11.30 35.50 62.10 
KI014 375.60 1.10 14.10 3.20 82.00 1.80 219.90 12.60 42.10 84.50 
KI015 298.70 1.20 15.40 3.30 90.00 2.00 229.50 13.80 37.90 73.80 
KI016 79.50 0.20 4.20 0.80 15.00 0.25 164.60 4.80 10.90 21.50 
KI017 93.10 0.30 13.50 2.40 28.00 0.25 154.00 6.70 10.70 18.60 
KI018 335.10 1.00 28.40 2.70 82.00 1.60 236.10 14.40 48.90 102.00 
KP002 56.20 0.50 9.70 1.10 70.00 1.00 448.30 18.10 21.80 44.80 
KP003 92.30 0.70 8.90 1.10 52.00 1.00 285.50 11.20 19.80 38.40 
KP005 104.50 0.40 8.80 0.80 25.00 0.90 186.00 11.50 25.00 49.10 
KP006 174.10 1.20 16.40 1.80 65.00 2.30 231.90 24.70 46.20 92.80 
KP007 108.40 0.60 7.10 1.10 22.00 1.70 192.70 12.60 33.60 50.10 
KP008 18.30 0.30 14.40 1.00 173.00 0.90 179.10 7.00 6.90 10.90 
Reg001 124.80 0.50 5.20 1.10 46.00 0.25 177.20 5.20 5.80 17.60 
Reg002 281.60 0.30 5.40 1.20 22.00 0.80 182.30 9.00 18.00 40.80 
Reg003 835.30 0.30 3.80 0.70 39.00 0.25 100.80 9.30 11.20 20.20 
Reg004 619.80 0.05 2.80 0.70 24.00 0.50 29.60 6.00 7.30 12.70 
Reg005 641.90 0.40 5.70 5.10 21.00 0.70 128.00 21.00 21.90 40.10 
Reg006 739.60 0.05 1.40 0.80 4.00 0.25 33.10 7.00 5.80 9.70 
Reg007 90.60 0.20 2.90 1.30 97.00 0.80 221.20 10.10 8.20 147.40 
Reg008 90.60 0.60 11.10 1.30 217.00 1.60 188.60 13.60 14.10 24.50 
Reg009 89.50 0.80 24.60 2.90 254.00 1.60 185.20 9.00 13.30 23.40 
Reg011 162.20 1.40 11.30 2.40 82.00 2.20 370.30 15.20 23.90 36.50 
Reg012 28.40 0.40 12.50 1.90 167.00 1.00 154.80 7.50 9.00 16.30 
Reg013 488.90 0.70 9.10 2.20 70.00 6.00 330.80 22.40 48.50 114.30 
Reg014 56.90 0.40 5.60 0.80 40.00 1.20 213.00 11.10 17.70 22.40 
Reg015 51.00 0.40 5.20 1.10 26.00 1.40 195.40 7.20 10.90 19.90 
Reg016 62.10 0.50 5.10 1.00 26.00 1.10 175.90 10.90 14.10 25.70 
Reg017 60.80 0.70 7.80 1.40 52.00 1.30 226.80 11.70 14.70 24.70 
Reg018 50.10 0.40 9.50 1.30 57.00 0.80 157.00 7.50 13.80 27.20 
Reg019 103.50 0.60 8.80 1.80 36.00 1.10 195.30 16.00 25.60 52.00 
Reg020 49.20 0.20 2.90 1.10 13.00 1.00 206.00 8.70 8.70 16.50 
Reg021 58.10 0.20 2.90 1.00 11.00 0.70 189.30 8.90 9.00 17.70 
Reg022 193.50 0.60 19.40 1.80 110.00 1.60 204.80 13.60 44.70 94.60 
Reg023 70.70 0.10 4.60 0.70 19.00 0.25 170.60 6.40 14.30 28.60 
Reg024 48.50 0.30 5.90 0.80 49.00 1.30 127.20 12.00 13.60 30.90 
Reg025 85.50 0.80 7.50 1.50 40.00 2.40 370.00 23.00 26.50 64.80 
Reg026 69.60 0.60 10.90 1.30 76.00 1.20 144.20 9.50 19.00 37.00 
Reg027 41.40 0.30 12.10 1.20 71.00 1.40 211.90 7.00 9.50 16.80 
Reg028 23.60 0.10 4.60 0.60 24.00 0.25 133.70 4.50 8.30 13.60 
Reg029 52.50 0.10 5.60 0.80 28.00 0.25 142.00 4.70 19.00 39.00 
Reg030 63.10 0.30 5.50 0.80 19.00 0.90 186.20 10.10 14.50 29.10 
Reg031 48.60 0.20 5.30 1.00 20.00 1.60 176.30 6.50 10.10 22.00 
Reg032 55.50 0.05 4.90 0.70 28.00 0.50 116.50 5.80 22.00 41.50 
Reg033 66.60 0.80 9.70 2.30 42.00 1.30 355.90 21.90 25.00 49.40 
Reg034 47.80 0.80 14.10 2.80 67.00 0.80 365.70 18.90 22.90 47.20 
Reg035 188.20 0.80 13.80 1.50 50.00 1.60 258.30 13.50 42.20 83.60 
Reg036 49.70 0.40 5.60 0.80 24.00 0.60 182.30 7.40 11.70 19.30 
Reg037 37.40 0.20 6.70 0.70 16.00 0.25 113.70 5.30 11.50 20.50 
Reg038 64.40 0.70 11.30 2.00 62.00 1.10 234.20 21.20 26.90 55.00 
Reg039 25.90 0.30 11.20 0.80 33.00 0.25 193.90 5.60 12.00 19.10 
Reg040 34.60 0.50 6.90 1.40 47.00 0.70 282.20 8.90 11.70 20.20 






Sr Ta Th U V W Zr Y La Ce 
Reg042 58.20 0.20 4.20 0.70 11.00 0.25 116.20 5.80 9.40 16.60 
Reg043 57.50 1.20 20.30 3.80 71.00 1.50 569.70 33.40 49.70 177.40 
Reg044 143.60 0.20 2.70 0.90 8.00 0.25 174.00 7.10 9.20 23.30 
Reg045 24.90 0.10 3.60 0.90 12.00 0.25 82.90 6.40 5.60 11.00 
Reg046 55.40 0.20 6.20 1.10 22.00 0.50 138.00 7.10 12.10 23.20 
Reg047 22.70 0.90 20.50 3.30 155.00 1.00 241.00 14.60 19.00 37.50 
Reg048 17.40 0.70 25.30 2.60 94.00 0.25 217.00 14.90 28.10 56.00 
Reg049 93.20 0.60 5.70 0.80 16.00 0.25 247.30 7.30 18.80 38.20 
Reg050 46.20 0.70 15.50 1.50 44.00 1.60 265.30 10.80 14.50 25.70 
Reg051 30.70 0.30 7.10 1.30 42.00 0.25 175.50 6.80 11.70 21.90 
Reg052 42.80 0.90 12.20 4.60 103.00 1.20 213.00 18.80 18.50 39.90 
Reg053 47.60 0.60 7.20 1.50 39.00 0.50 297.40 12.50 12.70 23.90 
Reg054 169.60 0.60 12.20 2.20 45.00 1.30 138.10 18.70 32.00 64.30 
Reg055 56.30 0.80 18.50 3.10 120.00 0.70 165.80 12.70 17.80 35.20 
Reg056 47.40 0.30 5.50 0.80 20.00 0.25 130.80 5.90 13.40 28.00 
Reg057 46.80 0.40 10.70 1.10 97.00 1.70 187.60 6.50 13.00 26.40 
Reg058 20.80 0.30 7.00 1.30 54.00 0.50 153.80 6.50 8.10 15.00 
Reg059 26.50 0.30 4.00 0.60 12.00 0.90 141.90 5.20 7.00 13.50 
Reg060 45.00 0.30 8.30 1.20 23.00 0.70 114.80 5.40 21.80 43.20 
Reg061 15.20 0.60 12.90 1.30 63.00 0.80 227.40 7.40 8.70 14.00 
Reg062 29.40 0.20 6.80 1.00 29.00 0.70 158.50 3.90 8.20 13.00 
Reg063 71.90 1.00 16.60 2.30 88.00 2.40 228.30 27.00 40.40 78.50 
Reg064 35.20 0.60 6.00 1.20 52.00 1.10 275.90 8.80 10.20 17.30 
Reg065 24.80 0.80 22.60 3.20 175.00 0.90 273.40 12.90 20.90 40.40 
Reg066 58.60 0.70 18.40 3.30 142.00 1.20 171.20 12.00 17.50 31.30 
Reg068 43.00 1.00 9.90 1.10 618.00 0.80 517.30 9.90 9.00 15.30 
Reg069 87.90 0.60 10.30 1.20 137.00 0.60 317.70 13.30 19.50 36.90 
Reg070 29.10 0.40 8.00 0.90 177.00 0.60 260.90 8.90 12.10 18.60 
Reg071 51.20 0.60 13.90 1.10 676.00 <0.5 206.70 11.80 14.50 17.70 
Reg072 63.70 0.20 3.50 0.80 122.00 0.25 82.10 27.00 6.80 16.60 
Reg073 91.50 6.90 14.40 1.60 45.00 2.50 467.20 22.90 17.20 26.80 
Reg074 55.70 1.40 29.60 3.60 155.00 2.60 223.10 13.50 15.80 38.60 
Reg075 103.20 0.10 2.90 5.10 35.00 0.80 106.50 13.20 9.00 19.20 
Reg076 69.80 0.20 3.00 5.50 22.00 1.10 111.20 14.50 10.50 26.10 
Reg078 30.80 0.05 2.70 0.40 4.00 0.80 111.30 6.80 7.50 14.70 
WB001 132.20 1.30 15.40 2.60 92.00 2.20 237.40 13.30 25.20 43.60 
WB002 154.40 1.00 27.00 2.70 209.00 2.10 184.10 10.90 20.10 33.90 
WB003 122.30 1.50 12.00 2.40 51.00 2.70 252.40 13.90 23.90 42.10 
WB004 148.30 1.00 24.70 2.90 451.00 1.60 216.70 10.20 15.80 26.40 
WB005 145.10 1.40 13.40 2.50 92.00 2.60 290.60 15.20 23.10 37.90 
WB006 191.10 1.40 11.30 2.70 44.00 2.60 290.90 13.90 23.60 40.20 
WB007 223.90 0.60 10.10 3.00 246.00 1.30 179.50 9.30 27.40 23.20 
CJ029 185.60 0.90 14.50 2.80 86.00 1.70 159.30 26.10 38.40 74.70 
KP009 202.30 1.10 14.10 2.40 86.00 1.80 183.90 29.80 39.20 79.70 
HC015 53.30 1.60 15.40 2.70 136.00 3.00 241.50 36.80 45.90 95.40 
Arckaringa Basin  
BC001 133.50 0.20 2.60 0.90 13.00 0.25 175.00 7.80 7.40 15.60 
BC002 113.50 0.30 4.10 1.90 19.00 0.60 198.60 11.10 10.00 20.60 
BC003 385.40 0.20 2.70 5.00 35.00 0.25 160.90 6.50 7.00 14.40 
BC004 144.90 0.20 2.80 0.90 14.00 0.50 161.50 8.40 8.30 17.00 
BC005 84.60 0.20 2.60 6.80 48.00 0.25 180.90 8.40 7.20 14.10 
BC006 132.60 0.30 3.60 1.50 19.00 0.60 205.70 9.90 9.20 18.90 
MD001 61.20 0.70 9.00 2.60 45.00 1.10 203.60 21.90 21.00 42.50 
MD002 85.80 0.30 5.50 3.20 41.00 0.60 125.90 22.10 11.80 27.00 
MD003 111.80 0.20 2.80 1.10 21.00 0.25 92.20 19.30 9.40 21.00 
MD004 65.00 0.40 5.40 2.20 62.00 0.90 294.80 14.80 16.10 35.30 
MD005 51.90 1.00 14.30 3.20 39.00 1.60 529.50 30.00 40.00 82.60 
MT001 57.20 1.50 17.70 3.60 55.00 3.70 443.50 30.80 46.70 97.40 
MT002 50.60 1.70 25.80 4.60 129.00 3.20 206.10 33.30 50.10 104.40 
MT003 78.10 1.80 22.30 4.60 94.00 2.90 350.10 36.00 52.70 108.30 
MT004 74.50 1.70 20.70 4.60 93.00 2.80 352.60 34.70 52.00 111.30 
MT005 112.70 1.70 26.50 5.60 121.00 3.20 229.10 34.10 54.30 115.90 
MT006 94.80 1.90 27.70 5.80 126.00 3.30 207.60 35.10 56.10 118.40 
MT007 2177.70 0.10 1.70 4.30 19.00 0.25 36.80 4.50 9.50 15.80 
MT008 169.30 0.60 4.60 1.40 17.00 0.70 369.80 11.80 12.20 24.50 






Sr Ta Th U V W Zr Y La Ce 
MT010 78.70 1.80 25.80 5.40 109.00 3.00 293.00 39.10 58.80 118.50 
MT011 349.50 1.40 18.00 4.50 88.00 1.90 240.40 41.80 44.80 93.20 
MT012 50.90 1.70 18.60 3.70 76.00 2.40 320.10 36.50 48.60 100.80 
MT013 54.80 1.60 16.40 3.30 67.00 2.00 364.00 31.20 44.10 92.80 
MT014 62.20 1.70 24.50 4.50 108.00 2.80 233.10 37.30 52.50 107.50 
MT015 52.40 1.70 19.50 3.70 85.00 2.60 318.20 34.60 50.20 103.80 
MT016 727.80 1.10 13.00 2.80 51.00 2.10 226.20 25.10 34.90 73.10 
MT017 80.00 0.90 6.70 2.10 4.00 1.10 673.80 17.90 15.70 33.10 
MT018 1038.10 0.30 5.40 7.20 49.00 0.70 55.70 13.70 32.70 57.10 
MT019 96.30 2.00 26.10 2.70 94.00 3.20 146.30 22.20 36.80 68.10 
MT020 306.20 1.10 16.50 4.40 49.00 1.70 284.30 28.90 38.90 84.40 
MT021 163.50 1.80 19.60 4.50 72.00 2.70 333.60 28.40 42.30 87.30 
MT023 39.50 2.30 26.30 4.50 95.00 3.40 308.00 37.00 60.00 128.20 
MT024 44.40 2.10 27.00 3.60 109.00 3.30 173.60 28.60 45.60 95.40 
MT025 200.40 0.40 3.80 1.00 14.00 0.50 325.10 10.50 12.00 23.60 
MT026 58.20 3.20 20.90 3.00 35.00 1.90 428.00 29.00 36.00 81.80 
MT027 357.70 0.10 1.50 0.50 4.00 0.25 67.50 3.40 4.40 8.30 
MT001 57.20 1.50 17.70 3.60 55.00 3.70 443.50 30.80 46.70 97.40 
MT002 50.60 1.70 25.80 4.60 129.00 3.20 206.10 33.30 50.10 104.40 
MT003 78.10 1.80 22.30 4.60 94.00 2.90 350.10 36.00 52.70 108.30 
MT004 74.50 1.70 20.70 4.60 93.00 2.80 352.60 34.70 52.00 111.30 
MT005 112.70 1.70 26.50 5.60 121.00 3.20 229.10 34.10 54.30 115.90 
MT006 94.80 1.90 27.70 5.80 126.00 3.30 207.60 35.10 56.10 118.40 
MT007 2177.70 0.10 1.70 4.30 19.00 0.25 36.80 4.50 9.50 15.80 
MT008 169.30 0.60 4.60 1.40 17.00 0.70 369.80 11.80 12.20 24.50 
MT009 768.60 0.05 2.10 0.40 26.00 0.60 48.40 8.00 9.10 19.50 
MT010 78.70 1.80 25.80 5.40 109.00 3.00 293.00 39.10 58.80 118.50 
MT011 349.50 1.40 18.00 4.50 88.00 1.90 240.40 41.80 44.80 93.20 
MT012 50.90 1.70 18.60 3.70 76.00 2.40 320.10 36.50 48.60 100.80 
MT013 54.80 1.60 16.40 3.30 67.00 2.00 364.00 31.20 44.10 92.80 
MT014 62.20 1.70 24.50 4.50 108.00 2.80 233.10 37.30 52.50 107.50 
MT015 52.40 1.70 19.50 3.70 85.00 2.60 318.20 34.60 50.20 103.80 
MT016 727.80 1.10 13.00 2.80 51.00 2.10 226.20 25.10 34.90 73.10 
MT017 80.00 0.90 6.70 2.10 4.00 1.10 673.80 17.90 15.70 33.10 
MT018 1038.10 0.30 5.40 7.20 49.00 0.70 55.70 13.70 32.70 57.10 
MT019 96.30 2.00 26.10 2.70 94.00 3.20 146.30 22.20 36.80 68.10 
MT020 306.20 1.10 16.50 4.40 49.00 1.70 284.30 28.90 38.90 84.40 
MT021 163.50 1.80 19.60 4.50 72.00 2.70 333.60 28.40 42.30 87.30 
MT023 39.50 2.30 26.30 4.50 95.00 3.40 308.00 37.00 60.00 128.20 
MT024 44.40 2.10 27.00 3.60 109.00 3.30 173.60 28.60 45.60 95.40 
MT025 200.40 0.40 3.80 1.00 14.00 0.50 325.10 10.50 12.00 23.60 
MT026 58.20 3.20 20.90 3.00 35.00 1.90 428.00 29.00 36.00 81.80 
MT027 357.70 0.10 1.50 0.50 4.00 0.25 67.50 3.40 4.40 8.30 
 
 
Pr Nd Sm Eu Gd Tb Dy Ho Er Tm  
Ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm 
Analysis ICP-MS ICP-MS ICP-MS ICP-MS ICP-MS ICP-MS ICP-MS ICP-MS ICP-MS ICP-MS 




                  
Troubridge Basin  
CJ002 6.41 22.40 4.21 0.83 3.68 0.58 3.23 0.64 1.91 0.28 
CJ003 5.54 19.50 3.66 0.73 3.21 0.53 3.06 0.59 1.74 0.25 
CJ004 6.18 22.10 3.95 0.78 3.39 0.55 3.10 0.60 1.84 0.28 
CJ005 4.46 17.00 2.91 0.55 2.44 0.37 2.21 0.43 1.25 0.19 
CJ006 5.88 22.60 3.76 0.68 2.99 0.45 2.59 0.51 1.52 0.24 
CJ007 3.66 14.10 2.32 0.43 1.86 0.30 1.69 0.34 1.03 0.16 
CJ008 1.25 4.70 0.89 0.19 0.97 0.18 1.13 0.25 0.75 0.12 
CJ009 6.85 24.90 4.09 0.61 3.37 0.51 2.82 0.56 1.66 0.24 
CJ010 5.06 19.00 3.25 0.61 2.67 0.43 2.50 0.50 1.45 0.24 
CJ011 5.61 26.70 6.55 1.58 9.08 1.67 10.30 2.17 5.73 0.76 
CJ012 1.63 7.10 1.70 0.47 2.38 0.49 3.32 0.75 2.02 0.27 
CJ013 2.72 9.40 1.68 0.33 1.38 0.23 1.49 0.28 0.87 0.14 






Pr Nd Sm Eu Gd Tb Dy Ho Er Tm 
CJ015 0.99 3.90 0.68 0.15 0.70 0.13 0.88 0.19 0.56 0.09 
CJ016 8.68 33.10 5.75 0.87 5.10 0.84 4.86 0.99 2.83 0.41 
CJ017 2.97 10.80 2.00 0.36 1.66 0.28 1.60 0.32 0.84 0.15 
CJ018 4.07 17.80 3.47 0.84 3.89 0.69 4.10 0.81 2.10 0.25 
CJ019 3.67 14.50 2.62 0.56 2.87 0.48 2.83 0.67 1.86 0.28 
CJ020 1.31 5.50 1.03 0.24 1.20 0.24 1.57 0.36 0.99 0.14 
CJ021 9.80 38.70 6.20 1.17 5.22 0.81 4.43 0.87 2.61 0.38 
CJ022 3.07 12.50 2.82 0.65 3.36 0.66 3.95 0.81 2.14 0.28 
CJ023 9.28 32.40 6.02 1.11 5.14 0.82 4.56 0.90 2.82 0.40 
CJ024 8.97 32.10 5.93 1.09 5.04 0.80 4.48 0.88 2.59 0.38 
CJ025 11.72 41.60 7.60 1.44 7.26 1.17 6.40 1.30 3.76 0.53 
CJ026 14.85 58.00 12.48 2.49 10.54 1.54 7.27 1.20 3.05 0.43 
CJ027 4.70 17.80 3.72 0.70 2.45 0.37 1.95 0.33 0.98 0.14 
CJ028 11.37 45.40 9.69 1.75 6.16 0.85 3.93 0.66 1.79 0.26 
HC002 2.03 6.20 1.56 0.28 1.36 0.24 1.66 0.29 1.09 0.16 
HC003 4.49 13.90 3.21 0.73 3.01 0.50 3.15 0.71 1.46 0.29 
HC004 3.01 11.30 2.46 0.59 2.45 0.44 2.45 0.48 1.41 0.21 
HC005 2.85 8.80 1.80 0.47 1.62 0.31 2.05 0.42 1.18 0.16 
HC006 1.90 6.30 1.46 0.30 1.34 0.22 1.02 0.33 0.90 0.12 
HC007 2.10 7.40 1.44 0.29 1.22 0.21 1.25 0.27 0.69 0.11 
HC008 2.49 8.60 1.68 0.33 1.49 0.26 1.74 0.38 1.03 0.17 
HC009 3.39 11.90 2.52 0.55 2.23 0.37 2.27 0.43 1.11 0.23 
HC010 1.85 6.00 1.21 0.26 1.40 0.21 1.31 0.32 0.90 0.14 
HC011 7.34 26.80 4.91 1.18 5.01 0.83 4.70 1.21 3.12 0.45 
HC013 1.76 5.60 1.43 0.28 1.12 0.17 1.23 0.22 0.71 0.10 
HC014 8.04 27.00 5.87 1.18 5.06 0.84 4.26 1.00 2.56 0.40 
KI001 17.13 65.70 13.15 2.64 10.54 1.66 9.41 1.80 5.60 0.88 
KI003 2.82 10.90 2.41 0.50 2.12 0.35 1.97 0.45 1.37 0.21 
KI004 2.35 8.70 1.87 0.45 1.57 0.25 1.44 0.29 0.89 0.14 
KI005 3.20 11.00 2.30 0.48 1.89 0.31 1.84 0.38 1.15 0.17 
KI006 5.24 19.70 3.71 0.84 3.13 0.51 3.03 0.60 1.93 0.29 
KI007 3.00 10.50 2.10 0.31 1.74 0.27 1.64 0.34 1.15 0.17 
KI008 3.23 12.80 2.66 0.52 2.52 0.44 2.60 0.59 1.86 0.29 
KI009 8.47 29.40 5.15 0.91 3.48 0.48 2.52 0.46 1.50 0.24 
KI010 2.98 9.80 1.94 0.38 1.44 0.24 1.41 0.27 0.94 0.15 
KI011 1.35 4.80 0.93 0.19 0.75 0.12 0.66 0.13 0.41 0.07 
KI012 4.05 12.90 2.29 0.39 1.74 0.28 1.85 0.40 1.27 0.22 
KI013 6.14 18.00 2.99 0.50 2.35 0.37 2.12 0.43 1.53 0.25 
KI014 9.41 38.20 6.92 1.22 4.71 0.59 2.76 0.50 1.53 0.25 
KI015 8.12 31.50 5.77 0.98 3.98 0.53 2.76 0.50 1.54 0.26 
KI016 2.34 8.80 1.42 0.27 1.05 0.15 0.88 0.16 0.50 0.09 
KI017 2.01 7.30 1.27 0.26 1.17 0.19 1.15 0.23 0.70 0.11 
KI018 10.35 37.50 5.70 0.96 3.85 0.52 2.72 0.50 1.47 0.25 
KP002 5.13 19.70 3.71 0.80 3.27 0.54 3.22 0.72 1.62 0.30 
KP003 4.39 18.70 3.12 0.59 2.39 0.36 1.79 0.45 1.26 0.23 
KP005 5.27 18.40 2.81 0.58 2.17 0.37 2.36 0.37 1.26 0.21 
KP006 10.00 37.60 6.69 1.30 5.57 0.83 4.70 0.93 2.55 0.37 
KP007 5.75 18.10 3.10 0.56 2.44 0.39 2.22 0.39 1.35 0.19 
KP008 1.43 5.60 1.11 0.21 1.07 0.21 1.32 0.31 0.92 0.16 
Reg001 1.29 4.10 0.88 0.19 0.70 0.15 0.80 0.25 0.63 0.11 
Reg002 4.60 17.40 2.65 0.57 1.81 0.32 1.63 0.35 1.04 0.16 
Reg003 2.43 9.10 1.57 0.39 1.64 0.27 1.33 0.33 0.92 0.15 
Reg004 1.59 5.20 1.25 0.26 1.28 0.16 0.89 0.21 0.58 0.09 
Reg005 5.35 20.80 3.95 0.87 3.77 0.55 3.49 0.66 1.56 0.26 
Reg006 1.39 6.20 1.11 0.28 1.31 0.16 1.08 0.26 0.53 0.08 
Reg007 3.16 13.50 4.03 0.95 3.51 0.58 2.87 0.59 1.55 0.26 
Reg008 2.70 10.60 2.07 0.53 2.02 0.35 2.41 0.53 1.63 0.25 
Reg009 2.44 9.10 1.46 0.30 1.20 0.22 1.63 0.31 0.93 0.16 
Reg011 4.16 13.70 2.65 0.48 2.23 0.36 2.49 0.61 1.89 0.29 
Reg012 1.86 6.00 1.41 0.30 1.31 0.23 1.54 0.31 0.91 0.15 
Reg013 16.16 77.70 16.89 3.12 11.35 1.44 7.45 0.97 2.26 0.35 
Reg014 3.23 11.40 2.06 0.33 1.71 0.26 1.30 0.32 0.90 0.14 
Reg015 2.32 8.80 1.54 0.29 1.20 0.22 1.22 0.27 0.97 0.13 
Reg016 3.19 11.00 2.28 0.48 1.95 0.34 1.92 0.41 1.14 0.19 
Reg017 3.04 12.00 2.07 0.43 1.83 0.32 2.02 0.48 1.31 0.23 






Pr Nd Sm Eu Gd Tb Dy Ho Er Tm 
Reg019 5.81 20.90 3.68 0.72 3.33 0.53 3.08 0.54 1.77 0.24 
Reg020 1.92 6.10 1.45 0.27 1.34 0.23 1.54 0.28 1.00 0.16 
Reg021 1.95 8.50 1.26 0.28 1.32 0.22 1.36 0.27 0.90 0.15 
Reg022 9.47 30.90 4.91 0.83 3.49 0.52 2.96 0.56 1.77 0.30 
Reg023 3.47 11.80 1.96 0.45 1.44 0.22 1.15 0.23 0.73 0.10 
Reg024 3.32 12.40 2.43 0.51 1.95 0.35 2.15 0.39 1.29 0.19 
Reg025 5.81 21.50 4.27 0.93 4.00 0.68 4.31 0.85 2.21 0.36 
Reg026 3.92 14.60 2.35 0.47 1.74 0.29 1.56 0.37 1.07 0.15 
Reg027 1.97 6.60 1.22 0.28 1.17 0.20 1.26 0.26 0.92 0.14 
Reg028 1.56 6.80 0.86 0.20 0.73 0.12 0.73 0.15 0.64 0.07 
Reg029 4.08 15.40 1.80 0.40 1.31 0.20 1.27 0.20 0.54 0.09 
Reg030 3.37 9.80 2.59 0.42 1.93 0.36 1.98 0.40 1.10 0.17 
Reg031 2.37 7.80 1.58 0.32 1.10 0.21 1.33 0.27 0.79 0.12 
Reg032 4.48 13.40 2.16 0.54 1.44 0.22 1.11 0.21 0.73 0.09 
Reg033 6.63 26.40 5.06 1.00 4.53 0.60 4.22 0.76 2.02 0.34 
Reg034 6.32 22.80 4.60 0.92 4.13 0.56 3.74 0.65 2.23 0.31 
Reg035 11.54 41.70 6.90 1.33 4.61 0.58 3.27 0.51 1.42 0.21 
Reg036 2.37 9.10 1.43 0.28 1.29 0.18 1.31 0.27 0.81 0.12 
Reg037 2.61 9.60 1.42 0.21 1.15 0.14 0.93 0.16 0.53 0.09 
Reg038 6.63 24.50 4.28 0.84 3.97 0.57 3.95 0.66 2.05 0.30 
Reg039 2.25 7.40 1.38 0.25 1.06 0.14 0.90 0.15 0.59 0.08 
Reg040 2.41 7.70 1.47 0.26 1.34 0.20 1.78 0.28 0.91 0.14 
Reg041 2.80 8.30 1.29 0.20 1.03 0.13 0.95 0.18 0.63 0.10 
Reg042 2.07 6.70 1.27 0.25 1.29 0.16 0.97 0.17 0.55 0.08 
Reg043 13.76 53.80 9.70 1.67 8.15 1.10 7.19 1.20 3.47 0.52 
Reg044 3.97 19.40 4.00 0.78 2.77 0.31 1.78 0.27 0.81 0.10 
Reg045 1.52 6.50 1.28 0.27 1.35 0.19 1.29 0.23 0.66 0.10 
Reg046 2.89 9.80 1.75 0.35 1.46 0.19 1.32 0.23 0.74 0.10 
Reg047 4.30 15.00 2.54 0.40 2.49 0.34 2.47 0.43 1.51 0.22 
Reg048 6.87 24.60 4.28 0.51 3.20 0.39 2.97 0.46 1.53 0.24 
Reg049 5.00 18.70 3.13 0.58 2.07 0.24 1.38 0.25 0.74 0.11 
Reg050 3.20 11.70 1.87 0.31 1.65 0.25 1.79 0.34 1.07 0.18 
Reg051 2.72 10.10 1.66 0.30 1.26 0.17 1.23 0.21 0.76 0.11 
Reg052 5.35 21.70 4.37 1.01 4.07 0.56 4.15 0.69 2.02 0.32 
Reg053 2.97 10.60 2.08 0.35 1.83 0.28 1.98 0.38 1.21 0.20 
Reg054 8.29 30.00 5.23 1.12 4.55 0.59 3.81 0.55 1.74 0.25 
Reg055 3.68 13.50 2.38 0.51 2.08 0.31 2.01 0.40 1.29 0.19 
Reg056 4.35 17.10 2.61 0.50 1.92 0.21 1.55 0.21 0.53 0.07 
Reg057 3.52 14.20 2.52 0.45 1.53 0.19 1.11 0.19 0.60 0.09 
Reg058 1.89 7.50 1.21 0.25 1.21 0.17 1.08 0.21 0.67 0.10 
Reg059 1.79 6.70 1.29 0.24 1.14 0.13 1.19 0.18 0.52 0.07 
Reg060 5.93 23.00 4.18 0.82 2.50 0.28 1.64 0.20 0.61 0.08 
Reg061 1.77 6.30 1.09 0.18 1.00 0.16 1.45 0.25 0.83 0.13 
Reg062 1.60 4.70 0.79 0.13 0.58 0.10 0.64 0.14 0.46 0.06 
Reg063 9.91 35.80 6.62 1.15 5.55 0.77 4.99 0.97 2.57 0.39 
Reg064 2.28 8.70 1.58 0.31 1.26 0.24 1.54 0.34 1.02 0.17 
Reg065 4.45 16.50 2.78 0.40 2.58 0.35 2.02 0.50 1.35 0.23 
Reg066 3.67 12.50 2.38 0.50 2.09 0.33 1.99 0.47 1.27 0.22 
Reg068 2.06 7.70 1.38 0.30 1.37 0.24 1.52 0.31 1.04 0.18 
Reg069 4.43 16.00 3.02 0.52 2.43 0.36 2.16 0.45 1.27 0.22 
Reg070 2.27 8.60 1.39 0.23 1.23 0.19 1.24 0.27 0.89 0.13 
Reg071 3.19 13.70 2.17 0.47 2.09 0.32 2.13 0.43 1.01 0.16 
Reg072 1.94 7.10 2.07 0.53 2.72 0.58 4.15 0.98 3.15 0.50 
Reg073 2.86 11.30 2.81 0.59 3.45 0.60 3.64 0.86 2.63 0.44 
Reg074 2.85 9.30 2.26 0.46 2.43 0.38 2.85 0.50 1.70 0.30 
Reg075 2.13 8.70 1.64 0.31 1.83 0.33 2.06 0.45 1.34 0.18 
Reg076 2.33 9.60 1.82 0.36 2.13 0.37 2.35 0.50 1.44 0.20 
Reg078 1.73 6.90 1.20 0.23 0.92 0.19 0.96 0.21 0.67 0.10 
WB001 4.39 15.60 2.39 0.45 1.97 0.34 2.05 0.44 1.47 0.24 
WB002 3.38 12.60 1.95 0.35 1.69 0.26 1.66 0.37 1.16 0.20 
WB003 4.29 15.00 2.53 0.45 2.01 0.35 2.18 0.46 1.51 0.26 
WB004 2.89 10.00 1.67 0.31 1.46 0.26 1.63 0.36 1.18 0.19 
WB005 4.03 13.90 2.28 0.45 2.06 0.37 2.30 0.51 1.65 0.28 
WB006 4.33 15.50 2.51 0.47 2.13 0.37 2.27 0.48 1.57 0.28 
WB007 2.87 9.30 1.42 0.31 1.30 0.24 1.42 0.32 1.07 0.17 






Pr Nd Sm Eu Gd Tb Dy Ho Er Tm 
KP009 9.26 31.60 6.39 1.39 5.70 0.96 5.33 1.12 2.88 0.46 
HC015 10.76 41.50 8.70 1.90 7.99 1.20 7.30 1.54 3.92 0.57 
Arckaringa Basin  
BC001 1.80 7.10 1.27 0.27 1.31 0.22 1.24 0.26 0.78 0.14 
BC002 2.35 8.60 1.78 0.40 1.83 0.32 1.81 0.38 1.06 0.17 
BC003 1.56 5.70 1.07 0.23 1.01 0.18 1.06 0.22 0.70 0.10 
BC004 1.93 7.90 1.40 0.30 1.30 0.23 1.31 0.27 0.80 0.14 
BC005 1.60 5.80 1.12 0.26 1.18 0.22 1.30 0.28 0.86 0.13 
BC006 2.13 8.60 1.55 0.33 1.53 0.27 1.50 0.32 0.96 0.15 
MD001 4.74 18.70 3.28 0.63 3.19 0.56 3.15 0.67 2.13 0.32 
MD002 3.03 12.60 2.55 0.54 2.92 0.56 3.50 0.76 2.37 0.36 
MD003 2.31 10.60 2.21 0.52 2.91 0.48 2.83 0.58 1.58 0.23 
MD004 3.80 14.60 2.68 0.54 2.50 0.42 2.58 0.51 1.54 0.24 
MD005 9.32 36.80 6.25 1.07 5.59 0.93 5.07 1.09 3.27 0.50 
MT001 10.89 41.30 7.19 1.16 6.33 1.00 5.75 1.09 3.22 0.50 
MT002 11.71 44.00 7.82 1.40 6.86 1.12 6.27 1.27 3.68 0.54 
MT003 12.03 46.80 8.14 1.36 7.24 1.17 6.43 1.28 3.90 0.58 
MT004 11.86 46.50 8.09 1.33 7.21 1.16 6.54 1.28 3.81 0.57 
MT005 12.64 46.90 8.33 1.52 7.43 1.19 6.59 1.29 3.71 0.56 
MT006 12.85 49.20 8.56 1.54 7.60 1.26 6.86 1.34 3.84 0.56 
MT007 1.67 5.80 0.90 0.19 0.83 0.13 0.65 0.15 0.37 0.06 
MT008 2.73 10.20 1.76 0.31 1.71 0.30 1.95 0.43 1.22 0.21 
MT009 2.28 9.50 1.80 0.40 1.81 0.30 1.70 0.32 0.82 0.11 
MT010 13.49 52.90 9.00 1.57 7.54 1.23 6.69 1.33 3.83 0.59 
MT011 10.19 41.30 7.35 1.41 7.19 1.15 6.48 1.29 3.78 0.56 
MT012 11.16 44.00 7.50 1.25 6.62 1.08 6.11 1.22 3.51 0.54 
MT013 10.33 40.20 6.90 1.13 5.98 0.98 5.36 1.05 3.04 0.47 
MT014 12.21 48.60 8.29 1.51 7.28 1.18 6.59 1.25 3.60 0.57 
MT015 11.46 45.20 7.59 1.31 6.62 1.08 5.94 1.17 3.30 0.50 
MT016 7.62 31.00 5.36 0.84 4.69 0.73 4.02 0.80 2.25 0.35 
MT017 3.48 13.90 2.48 0.40 2.44 0.45 2.78 0.57 1.82 0.30 
MT018 5.55 23.80 3.86 0.64 3.31 0.48 2.65 0.48 1.30 0.19 
MT019 7.81 29.10 5.05 0.81 4.04 0.67 3.82 0.77 2.30 0.34 
MT020 9.10 37.00 6.33 1.12 5.43 0.83 4.63 0.93 2.91 0.44 
MT021 9.61 36.80 6.36 1.01 5.15 0.84 4.90 0.98 2.79 0.44 
MT023 14.00 55.10 9.64 1.50 7.79 1.30 7.33 1.31 3.62 0.53 
MT024 10.17 39.30 6.79 1.19 5.83 0.92 5.38 1.01 2.80 0.43 
MT025 2.58 9.90 1.70 0.27 1.48 0.26 1.59 0.35 1.10 0.19 
MT026 8.59 33.80 6.29 0.95 5.43 0.93 5.48 1.06 3.07 0.49 
MT027 0.96 3.50 0.60 0.10 0.52 0.10 0.58 0.12 0.36 0.07 
MT001 10.89 41.30 7.19 1.16 6.33 1.00 5.75 1.09 3.22 0.50 
MT002 11.71 44.00 7.82 1.40 6.86 1.12 6.27 1.27 3.68 0.54 
MT003 12.03 46.80 8.14 1.36 7.24 1.17 6.43 1.28 3.90 0.58 
MT004 11.86 46.50 8.09 1.33 7.21 1.16 6.54 1.28 3.81 0.57 
MT005 12.64 46.90 8.33 1.52 7.43 1.19 6.59 1.29 3.71 0.56 
MT006 12.85 49.20 8.56 1.54 7.60 1.26 6.86 1.34 3.84 0.56 
MT007 1.67 5.80 0.90 0.19 0.83 0.13 0.65 0.15 0.37 0.06 
MT008 2.73 10.20 1.76 0.31 1.71 0.30 1.95 0.43 1.22 0.21 
MT009 2.28 9.50 1.80 0.40 1.81 0.30 1.70 0.32 0.82 0.11 
MT010 13.49 52.90 9.00 1.57 7.54 1.23 6.69 1.33 3.83 0.59 
MT011 10.19 41.30 7.35 1.41 7.19 1.15 6.48 1.29 3.78 0.56 
MT012 11.16 44.00 7.50 1.25 6.62 1.08 6.11 1.22 3.51 0.54 
MT013 10.33 40.20 6.90 1.13 5.98 0.98 5.36 1.05 3.04 0.47 
MT014 12.21 48.60 8.29 1.51 7.28 1.18 6.59 1.25 3.60 0.57 
MT015 11.46 45.20 7.59 1.31 6.62 1.08 5.94 1.17 3.30 0.50 
MT016 7.62 31.00 5.36 0.84 4.69 0.73 4.02 0.80 2.25 0.35 
MT017 3.48 13.90 2.48 0.40 2.44 0.45 2.78 0.57 1.82 0.30 
MT018 5.55 23.80 3.86 0.64 3.31 0.48 2.65 0.48 1.30 0.19 
MT019 7.81 29.10 5.05 0.81 4.04 0.67 3.82 0.77 2.30 0.34 
MT020 9.10 37.00 6.33 1.12 5.43 0.83 4.63 0.93 2.91 0.44 
MT021 9.61 36.80 6.36 1.01 5.15 0.84 4.90 0.98 2.79 0.44 
MT023 14.00 55.10 9.64 1.50 7.79 1.30 7.33 1.31 3.62 0.53 
MT024 10.17 39.30 6.79 1.19 5.83 0.92 5.38 1.01 2.80 0.43 
MT025 2.58 9.90 1.70 0.27 1.48 0.26 1.59 0.35 1.10 0.19 
MT026 8.59 33.80 6.29 0.95 5.43 0.93 5.48 1.06 3.07 0.49 






Yb Lu Mo Cu Pb Zn Ni As Cd Sb  
ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm 
Analysis ICP-MS ICP-MS ICP-MS ICP-MS ICP-MS ICP-MS ICP-MS ICP-MS ICP-MS ICP-MS 
Det. limit 0.05 0.01 0.1 0.1 0.1 1 0.1 1 0.1 0.1 
Sample No                     
Troubridge Basin  
CJ002 1.85 0.29 0.20 8.10 8.20 29.00 11.00 2.30 0.05 0.05 
CJ003 1.62 0.24 0.10 5.90 7.60 24.00 10.00 2.90 0.05 0.05 
CJ004 1.78 0.27 0.10 7.90 8.90 35.00 10.30 4.60 0.05 0.05 
CJ005 1.35 0.20 0.05 5.90 7.20 21.00 5.60 1.00 0.05 0.05 
CJ006 1.63 0.25 0.05 5.70 8.10 19.00 7.30 1.10 0.05 0.05 
CJ007 1.10 0.17 0.10 3.60 4.00 11.00 5.20 2.20 0.05 0.05 
CJ008 0.80 0.13 0.20 1.60 1.80 5.00 2.10 1.40 0.05 0.05 
CJ009 1.66 0.24 0.10 4.50 11.10 17.00 8.80 3.40 0.05 0.05 
CJ010 1.65 0.25 0.05 5.20 6.10 19.00 7.60 1.80 0.05 0.05 
CJ011 4.75 0.67 0.20 2.40 1.80 14.00 9.80 2.40 0.30 0.05 
CJ012 1.58 0.22 0.05 0.60 1.00 2.00 0.30 2.80 0.05 0.05 
CJ013 0.96 0.15 0.05 2.70 4.20 9.00 3.60 1.30 0.05 0.05 
CJ014 1.04 0.15 0.05 2.80 5.20 7.00 2.80 0.90 0.05 0.05 
CJ015 0.59 0.09 0.05 0.50 0.70 1.00 0.30 2.10 0.05 0.05 
CJ016 2.81 0.43 0.05 4.70 5.10 74.00 23.70 1.80 0.05 0.05 
CJ017 0.93 0.16 0.05 3.10 2.60 11.00 2.70 0.60 0.05 0.05 
CJ018 1.60 0.23 0.10 1.30 3.30 3.00 0.30 2.20 0.10 0.05 
CJ019 1.97 0.28 0.10 3.70 5.50 19.00 7.50 1.90 0.05 0.05 
CJ020 0.85 0.13 0.05 1.00 0.80 2.00 0.80 2.20 0.05 0.05 
CJ021 2.53 0.39 0.05 11.20 10.80 54.00 16.20 2.90 0.05 0.05 
CJ022 1.75 0.26 0.05 1.00 4.60 3.00 0.60 3.90 0.05 0.10 
CJ023 2.65 0.39 0.10 15.80 15.30 50.00 12.80 1.80 0.10 0.05 
CJ024 2.61 0.37 0.05 14.90 12.60 47.00 11.50 2.80 0.05 0.05 
CJ025 3.41 0.49 0.20 16.90 18.00 72.00 32.30 3.20 0.10 0.05 
CJ026 2.86 0.39 0.05 6.90 12.30 9.00 4.60 1.50 0.05 0.05 
CJ027 0.99 0.14 0.10 2.20 3.70 4.00 4.70 2.40 0.05 0.05 
CJ028 1.69 0.25 0.05 1.30 6.40 3.00 2.90 1.20 0.05 0.05 
HC002 0.89 0.17 0.50 6.40 4.60 9.00 4.50 7.10 0.05 0.05 
HC003 1.71 0.30 0.10 9.40 12.30 33.00 8.90 2.50 0.05 0.05 
HC004 1.53 0.22 0.20 6.90 8.40 21.00 6.20 1.20 0.10 0.05 
HC005 0.93 0.19 0.40 14.10 9.30 28.00 6.00 2.90 0.10 0.10 
HC006 0.88 0.11 0.20 5.70 4.00 11.00 5.90 0.80 0.05 0.05 
HC007 0.88 0.12 0.30 3.80 3.60 9.00 5.70 0.70 0.05 0.05 
HC008 1.01 0.17 0.60 5.20 3.80 12.00 6.90 1.50 0.05 0.05 
HC009 1.04 0.21 0.20 7.80 6.20 21.00 8.30 8.10 0.05 0.05 
HC010 1.07 0.17 0.10 3.00 2.40 6.00 3.30 0.90 0.05 0.05 
HC011 2.52 0.37 0.20 14.60 16.90 56.00 23.40 3.60 0.05 0.05 
HC013 0.64 0.11 0.30 2.50 1.60 3.00 3.30 2.50 0.05 0.05 
HC014 2.52 0.38 0.05 12.00 17.70 55.00 19.30 3.60 0.05 0.10 
KI001 5.74 0.97 1.30 42.60 18.70 24.00 8.20 25.90 0.05 0.05 
KI003 1.39 0.24 1.90 34.90 15.90 44.00 6.20 10.30 0.05 0.30 
KI004 0.96 0.15 0.10 19.80 1.70 5.00 2.40 0.80 0.05 0.05 
KI005 1.27 0.21 0.20 14.00 2.00 5.00 2.70 0.25 0.05 0.05 
KI006 2.06 0.34 0.30 14.50 2.00 11.00 6.50 1.40 0.05 0.05 
KI007 1.10 0.19 0.40 20.60 1.30 6.00 3.90 1.00 0.05 0.05 
KI008 1.87 0.30 0.70 9.50 1.30 19.00 11.50 1.70 0.05 0.05 
KI009 1.58 0.25 0.40 11.20 12.80 30.00 5.90 4.00 0.05 0.05 
KI010 0.98 0.16 0.40 6.40 7.10 15.00 2.50 3.50 0.05 0.05 
KI011 0.48 0.08 0.70 5.70 4.40 26.00 6.00 5.00 0.05 0.05 
KI012 1.58 0.25 0.05 4.90 6.10 9.00 0.05 0.70 0.05 0.05 
KI013 1.72 0.27 0.20 11.30 7.30 20.00 5.30 2.10 0.05 0.05 
KI014 1.76 0.26 0.20 12.60 9.70 18.00 4.90 4.20 0.05 0.05 
KI015 1.88 0.28 0.20 11.90 8.60 22.00 6.10 4.10 0.05 0.05 
KI016 0.62 0.10 0.10 2.10 2.60 6.00 1.40 2.00 0.05 0.05 
KI017 0.73 0.11 0.80 9.70 6.70 36.00 6.40 3.80 0.05 0.05 
KI018 1.78 0.27 1.10 22.20 18.90 52.00 13.20 7.40 0.05 0.10 




Sample No Yb Lu Mo Cu Pb Zn Ni As Cd Sb 
KP003 1.17 0.23 0.20 3.60 7.50 14.00 6.30 11.40 0.05 0.05 
KP005 1.12 0.16 0.10 4.90 7.10 12.00 4.30 2.30 0.05 0.05 
KP006 2.66 0.39 0.05 7.90 13.20 30.00 10.40 3.20 0.05 0.05 
KP007 1.54 0.22 0.20 4.00 7.70 9.00 4.90 2.00 0.05 0.05 
KP008 1.19 0.22 1.70 3.20 6.00 7.00 7.60 58.80 0.05 0.30 
Reg001 0.81 0.12 0.10 2.20 2.70 28.00 3.20 3.40 0.05 0.05 
Reg002 1.13 0.20 0.20 5.10 5.40 8.00 4.00 7.00 0.05 0.05 
Reg003 0.95 0.15 0.20 6.30 6.30 10.00 6.90 3.50 0.05 0.05 
Reg004 0.39 0.09 0.05 5.90 4.10 6.00 4.40 9.00 0.05 0.10 
Reg005 1.82 0.27 0.20 9.40 13.40 25.00 10.00 11.30 0.10 0.05 
Reg006 0.49 0.09 0.20 1.40 2.90 3.00 3.20 3.80 0.05 0.10 
Reg007 1.72 0.24 51.90 39.70 178.80 11.00 32.10 4.40 0.05 0.20 
Reg008 1.53 0.23 0.60 20.10 6.70 20.00 8.30 33.50 0.05 0.05 
Reg009 1.25 0.20 6.20 7.90 6.60 8.00 2.00 20.80 0.05 0.10 
Reg011 2.13 0.31 0.20 5.10 3.70 4.00 2.00 1.20 0.05 0.05 
Reg012 1.05 0.15 0.90 5.40 5.30 5.00 4.40 57.50 0.05 0.10 
Reg013 2.31 0.36 1.70 8.80 13.60 31.00 13.90 26.90 0.05 0.30 
Reg014 0.84 0.16 0.05 2.20 7.40 5.00 2.50 1.90 0.05 0.05 
Reg015 1.00 0.15 0.30 1.30 4.00 2.00 2.80 2.60 0.05 0.05 
Reg016 1.18 0.16 0.10 2.30 4.10 4.00 4.20 0.50 0.05 0.05 
Reg017 1.38 0.17 0.10 1.30 10.40 9.00 6.30 2.50 0.05 0.05 
Reg018 0.76 0.16 0.30 1.10 14.40 4.00 3.90 3.80 0.05 0.05 
Reg019 1.62 0.26 0.20 7.80 9.40 25.00 10.90 2.70 0.05 0.05 
Reg020 1.07 0.13 0.30 2.40 4.00 8.00 6.10 0.80 0.05 0.10 
Reg021 0.94 0.14 0.05 2.40 1.80 5.00 2.70 0.25 0.05 0.05 
Reg022 1.92 0.27 0.70 27.70 15.70 32.00 7.10 23.70 0.05 0.20 
Reg023 0.74 0.13 0.40 1.80 4.20 3.00 2.10 3.40 0.05 0.05 
Reg024 0.97 0.19 0.30 4.20 6.50 7.00 7.60 5.50 0.05 0.05 
Reg025 2.45 0.44 0.05 6.80 11.00 16.00 8.70 1.60 0.05 0.05 
Reg026 1.06 0.21 0.40 1.30 14.00 6.00 4.90 6.70 0.05 0.05 
Reg027 1.02 0.13 0.30 1.90 7.70 2.00 4.00 6.60 0.05 0.05 
Reg028 0.65 0.07 0.20 1.50 4.30 2.00 2.90 1.80 0.05 0.05 
Reg029 0.60 0.10 0.20 1.70 4.40 0.50 3.00 2.70 0.05 0.05 
Reg030 1.21 0.21 0.10 2.70 4.50 5.00 4.40 0.70 0.05 0.05 
Reg031 0.96 0.13 0.30 1.10 4.00 2.00 2.50 2.40 0.05 0.05 
Reg032 0.74 0.09 0.10 1.30 4.20 0.50 1.30 2.20 0.05 0.05 
Reg033 2.15 0.30 0.20 16.70 5.00 28.00 0.05 10.50 4.30 0.25 
Reg034 2.31 0.30 0.40 6.70 6.30 8.00 0.05 13.10 2.80 0.25 
Reg035 1.43 0.21 0.20 2.00 5.80 6.00 0.05 5.90 2.90 0.25 
Reg036 0.86 0.12 0.05 7.30 5.70 4.00 0.05 2.70 3.70 0.60 
Reg037 0.59 0.06 0.20 3.30 5.00 3.00 0.05 1.80 1.60 0.25 
Reg038 2.07 0.28 0.30 2.00 12.20 13.00 0.05 12.30 4.80 0.25 
Reg039 0.71 0.08 0.30 6.80 4.70 4.00 0.05 3.40 12.70 0.25 
Reg040 0.95 0.14 0.20 0.90 5.60 3.00 0.05 3.20 2.60 1.10 
Reg041 0.74 0.09 0.40 1.10 6.70 2.00 0.05 2.10 9.30 0.70 
Reg042 0.72 0.08 0.10 1.80 1.90 5.00 0.05 2.70 0.50 0.60 
Reg043 3.98 0.50 0.40 10.80 12.60 26.00 0.05 18.40 4.60 0.25 
Reg044 0.84 0.11 0.30 2.30 2.00 6.00 0.05 2.90 1.60 0.25 
Reg045 0.74 0.11 1.20 32.70 6.40 42.00 0.05 2.80 4.50 0.25 
Reg046 0.94 0.10 0.30 3.30 3.30 11.00 0.05 4.40 4.10 0.70 
Reg047 1.68 0.22 1.20 2.50 10.50 3.00 0.05 5.80 9.30 0.25 
Reg048 1.76 0.25 0.90 10.30 6.80 5.00 0.05 5.20 8.30 0.25 
Reg049 0.88 0.10 0.05 2.20 2.80 8.00 0.05 1.00 1.20 0.25 
Reg050 1.37 0.19 0.05 4.40 4.50 1.00 0.05 2.80 0.90 0.25 
Reg051 0.83 0.11 0.30 1.50 4.00 3.00 0.05 3.70 3.50 0.25 
Reg052 1.89 0.27 0.90 8.80 16.70 10.00 0.05 11.80 34.50 0.25 
Reg053 1.53 0.20 0.40 5.60 8.10 5.00 0.05 4.10 5.00 0.25 
Reg054 1.72 0.21 0.20 15.60 10.80 4.00 0.05 4.80 3.50 0.70 
Reg055 1.51 0.19 1.10 2.70 10.30 6.00 0.05 10.50 9.00 0.80 
Reg056 0.67 0.08 0.05 1.40 3.10 1.00 0.05 1.20 3.60 0.25 
Reg057 0.78 0.11 0.60 1.40 5.80 2.00 0.05 2.50 43.10 0.25 
Reg058 0.91 0.11 0.30 0.70 6.00 1.00 0.05 2.60 5.60 0.25 
Reg059 0.62 0.08 0.20 1.80 2.00 0.50 0.05 1.20 3.10 0.25 




Sample No Yb Lu Mo Cu Pb Zn Ni As Cd Sb 
Reg061 1.10 0.15 0.40 4.80 3.30 2.00 0.05 2.70 4.80 0.25 
Reg062 0.50 0.06 0.60 2.50 3.00 0.50 0.05 1.40 7.50 0.25 
Reg063 2.57 0.38 0.20 16.60 11.70 56.00 0.05 25.50 5.80 0.25 
Reg064 1.12 0.19 0.20 0.80 6.00 3.00 0.05 4.20 2.50 0.25 
Reg065 1.55 0.22 1.10 1.50 8.60 4.00 0.05 5.60 8.30 0.25 
Reg066 1.40 0.20 1.10 1.70 9.60 6.00 0.05 9.90 8.30 0.25 
Reg068 1.05 0.19 1.10 9.10 13.20 3.00 6.80 13.50 0.05 0.05 
Reg069 1.29 0.21 0.20 2.30 7.80 5.00 5.40 3.70 0.05 0.05 
Reg070 0.90 0.15 0.30 5.30 4.70 3.00 3.40 3.70 0.05 0.05 
Reg071 1.14 0.16 0.70 14.00 17.70 3.00 10.40 10.20 0.05 0.05 
Reg072 3.32 0.56 0.20 51.50 1.00 23.00 10.70 3.70 0.05 0.05 
Reg073 2.90 0.44 0.05 1.50 2.00 9.00 1.90 1.20 0.05 0.05 
Reg074 1.61 0.30 1.00 0.50 14.90 5.00 13.10 5.60 0.05 0.05 
Reg075 1.17 0.17 9.20 17.00 124.10 58.00 37.70 666.90 0.05 29.00 
Reg076 1.27 0.18 11.80 17.80 156.10 70.00 33.10 564.00 0.10 23.00 
Reg078 0.95 0.13 0.30 3.00 2.10 6.00 4.20 0.60 0.05 0.05 
WB001 1.65 0.26 0.20 2.40 5.00 4.00 1.10 2.80 0.05 0.05 
WB002 1.37 0.21 4.20 5.30 5.20 9.00 1.80 24.60 0.05 0.05 
WB003 1.82 0.28 0.05 0.80 2.40 2.00 0.50 0.25 0.05 0.05 
WB004 1.37 0.21 7.90 10.60 7.10 14.00 3.70 44.50 0.05 0.20 
WB005 2.00 0.31 0.10 5.30 2.80 7.00 1.80 1.10 0.05 0.05 
WB006 1.83 0.29 0.05 0.70 2.20 2.00 0.40 0.50 0.05 0.05 
WB007 1.18 0.18 0.30 13.80 8.00 18.00 8.10 14.80 0.05 0.05 
CJ029 2.73 0.38 0.80 12.90 9.50 74.00 25.60 7.20 0.05 0.10 
KP009 3.08 0.44 0.20 8.50 7.10 75.00 41.80 1.70 0.05 0.05 
HC015 3.50 0.45 0.60 2.90 20.40 78.00 39.70 3.90 0.05 0.40 
Arckaringa Basin  
BC001 0.93 0.14 0.30 1.80 2.80 9.00 5.50 2.90 0.05 0.10 
BC002 1.13 0.17 0.30 4.20 4.10 19.00 6.60 2.70 0.10 0.05 
BC003 0.71 0.11 12.80 5.90 30.00 26.00 38.00 28.40 0.30 0.80 
BC004 0.88 0.14 0.10 2.50 3.80 16.00 5.60 2.40 0.05 0.05 
BC005 0.91 0.13 6.70 4.70 11.10 43.00 33.00 21.90 0.05 1.00 
BC006 1.04 0.16 0.50 4.70 3.90 17.00 11.30 4.40 0.05 0.10 
MD001 2.06 0.32 0.50 10.70 7.60 28.00 11.30 5.70 0.05 0.05 
MD002 2.33 0.38 0.80 6.10 10.10 34.00 10.70 13.80 0.60 0.10 
MD003 1.38 0.21 0.60 6.20 8.30 84.00 35.10 4.70 0.50 0.05 
MD004 1.58 0.24 0.05 4.00 5.10 12.00 8.10 4.20 0.05 0.05 
MD005 3.23 0.51 0.05 5.50 7.70 14.00 3.60 1.30 0.05 0.05 
MT001 3.22 0.48 0.40 6.60 8.90 34.00 16.60 4.30 0.05 0.05 
MT002 3.53 0.51 0.30 30.70 23.50 95.00 24.90 4.40 0.05 0.30 
MT003 3.73 0.56 0.30 20.20 19.30 87.00 26.00 6.40 0.05 0.10 
MT004 3.71 0.54 0.30 19.40 19.90 101.00 30.20 7.00 0.05 0.10 
MT005 3.61 0.52 0.60 34.10 27.10 97.00 29.50 3.80 0.05 0.10 
MT006 3.50 0.54 0.80 35.40 30.20 76.00 25.40 2.60 0.05 0.05 
MT007 0.34 0.06 4.60 6.10 3.60 5.00 8.70 4.50 0.05 0.05 
MT008 1.29 0.21 0.05 1.20 2.60 4.00 1.00 0.90 0.05 0.05 
MT009 0.69 0.10 2.00 28.30 7.10 51.00 35.00 6.50 0.05 0.20 
MT010 3.63 0.55 0.10 27.30 19.20 81.00 28.00 1.40 0.05 0.05 
MT011 3.42 0.50 0.40 25.40 13.90 60.00 24.00 7.20 0.05 0.20 
MT012 3.38 0.50 0.50 23.20 18.90 91.00 29.80 3.50 0.10 0.10 
MT013 3.05 0.45 0.40 16.10 15.60 75.00 20.00 4.40 0.05 0.20 
MT014 3.56 0.53 0.30 34.10 18.70 62.00 36.70 1.70 0.05 0.10 
MT015 3.20 0.46 0.40 27.20 19.90 89.00 28.50 3.70 0.10 0.20 
MT016 2.19 0.32 1.60 20.20 12.70 49.00 23.30 3.50 0.05 0.20 
MT017 2.03 0.32 0.20 1.00 1.00 2.00 0.60 0.25 0.05 0.05 
MT018 1.13 0.17 9.00 17.40 12.20 28.00 13.60 8.60 0.30 0.30 
MT019 2.21 0.36 0.20 20.60 8.20 3.00 3.10 0.70 0.05 0.05 
MT020 2.79 0.43 0.70 16.60 6.90 7.00 9.90 2.20 0.05 0.05 
MT021 2.92 0.41 0.20 20.10 7.60 32.00 6.50 2.30 0.05 0.10 
MT023 3.32 0.47 0.05 27.30 18.20 76.00 14.60 1.90 0.05 0.10 
MT024 2.83 0.41 0.20 30.70 27.00 100.00 31.70 2.60 0.05 0.05 
MT025 1.17 0.20 0.40 2.30 3.20 12.00 3.00 3.30 0.05 0.10 
MT026 3.22 0.47 0.10 10.90 13.30 10.00 6.40 1.30 0.05 0.05 






Bi Ag Au Hg Tl Se  
ppm ppm ppb ppm ppm ppm 
Analysis ICP-MS ICP-MS ICP-MS ICP-MS ICP-MS ICP-MS 
Det. limit 0.1 0.1 0.5 0.1 0.1 0.5 
Sample No             
Troubridge Basin 
CJ002 0.20 0.05 0.25 0.01 0.20 0.25 
CJ003 0.10 0.05 0.25 0.01 0.10 0.25 
CJ004 0.10 0.05 0.25 0.01 0.10 0.25 
CJ005 0.05 0.05 1.30 0.01 0.05 0.25 
CJ006 0.05 0.05 0.25 0.01 0.10 0.25 
CJ007 0.05 0.05 0.25 0.01 0.10 0.25 
CJ008 0.05 0.05 0.25 0.01 0.05 0.25 
CJ009 0.20 0.05 0.25 0.01 0.20 0.25 
CJ010 0.10 0.05 0.25 0.01 0.10 0.25 
CJ011 0.05 0.05 0.25 0.01 0.05 0.25 
CJ012 0.05 0.05 0.25 0.01 0.05 0.25 
CJ013 0.05 0.05 0.25 0.01 0.05 0.25 
CJ014 0.05 0.05 0.25 0.01 0.05 0.25 
CJ015 0.05 0.05 0.25 0.01 0.05 0.25 
CJ016 0.20 0.05 0.25 0.01 0.50 0.25 
CJ017 0.05 0.05 0.25 0.01 0.05 0.25 
CJ018 0.05 0.05 0.25 0.01 0.05 0.25 
CJ019 0.05 0.05 0.25 0.01 0.10 0.25 
CJ020 0.05 0.05 0.25 0.01 0.05 0.25 
CJ021 0.20 0.05 0.25 0.01 0.20 0.25 
CJ022 0.05 0.05 0.25 0.01 0.05 0.25 
CJ023 0.30 0.05 1.00 0.02 0.20 0.25 
CJ024 0.20 0.05 1.10 0.01 0.10 0.25 
CJ025 0.30 0.05 1.50 0.01 0.30 0.25 
CJ026 0.30 0.05 1.00 0.01 0.10 0.25 
CJ027 0.05 0.05 0.70 0.02 0.05 0.25 
CJ028 0.10 0.05 0.25 0.01 0.05 0.25 
HC002 0.05 0.05 0.25 0.01 0.05 0.25 
HC003 0.05 0.05 0.80 0.01 0.05 0.25 
HC004 0.05 0.05 0.25 0.01 0.05 0.25 
HC005 0.40 0.05 4.30 0.01 0.05 0.25 
HC006 0.05 0.05 1.00 0.01 0.05 0.25 
HC007 0.05 0.05 2.70 0.01 0.05 0.25 
HC008 0.05 0.05 1.10 0.01 0.05 0.25 
HC009 0.05 0.05 0.60 0.01 0.05 0.25 
HC010 0.05 0.05 0.25 0.01 0.05 0.25 
HC011 0.20 0.05 1.90 0.01 0.10 0.25 
HC013 0.05 0.05 0.25 0.01 0.05 0.25 
HC014 0.20 0.05 0.25 0.01 0.10 0.25 
KI001 0.20 0.05 7.70 0.02 0.10 0.25 
KI003 0.05 0.05 1.40 0.01 0.20 0.25 
KI004 0.05 0.05 2.80 0.02 0.05 0.25 
KI005 0.05 0.05 1.60 0.01 0.05 0.25 
KI006 0.05 0.05 3.10 0.01 0.05 0.25 
KI007 0.05 0.05 5.20 0.01 0.05 0.25 
KI008 0.05 0.40 0.25 0.01 1.50 0.25 
KI009 0.20 0.05 0.25 0.01 0.20 0.25 
KI010 0.20 0.05 0.25 0.01 0.05 1.40 
KI011 0.05 0.05 0.25 0.01 0.05 1.10 
KI012 0.10 0.05 0.25 0.01 0.20 0.25 
KI013 0.20 0.05 0.25 0.01 0.30 0.25 
KI014 0.20 0.05 6.00 0.01 0.20 0.25 
KI015 0.20 0.05 0.25 0.01 0.30 0.25 
KI016 0.05 0.05 1.80 0.01 0.05 0.25 
KI017 0.05 0.05 1.50 0.01 0.05 0.25 
KI018 0.30 0.05 0.25 0.01 0.10 1.60 
KP002 0.10 0.05 0.25 0.08 0.20 0.25 
KP003 0.10 0.05 0.25 0.01 0.10 0.25 
KP005 0.05 0.05 0.50 0.01 0.10 0.25 




Sample No Bi Ag Au Hg Tl Se 
KP007 0.05 0.05 0.80 0.01 0.10 0.25 
KP008 0.10 0.05 0.25 0.01 0.05 3.60 
Reg001 0.05 0.05 0.25 0.01 0.05 0.25 
Reg002 0.05 0.05 0.25 0.01 0.05 0.25 
Reg003 0.05 0.05 2.40 0.02 0.10 0.25 
Reg004 0.05 0.05 0.60 0.01 0.05 0.25 
Reg005 0.30 0.20 3.80 0.01 0.10 1.00 
Reg006 0.05 0.05 0.25 0.01 0.05 0.25 
Reg007 0.05 0.05 0.25 0.01 3.10 0.25 
Reg008 0.20 0.05 0.25 0.01 0.20 0.25 
Reg009 1.00 0.05 0.25 0.01 0.05 4.60 
Reg011 0.05 0.05 2.60 0.01 0.05 0.25 
Reg012 0.20 0.05 0.60 0.01 0.05 1.40 
Reg013 0.10 0.05 0.60 0.01 0.20 0.25 
Reg014 0.10 0.05 0.90 0.01 0.20 0.25 
Reg015 0.05 0.05 2.30 0.01 0.10 0.25 
Reg016 0.05 0.05 1.40 0.01 0.05 0.25 
Reg017 0.10 0.05 0.70 0.01 0.20 0.25 
Reg018 0.05 0.05 2.00 0.02 0.05 0.25 
Reg019 0.10 0.05 0.80 0.01 0.10 0.25 
Reg020 0.05 0.05 0.25 0.01 0.05 0.25 
Reg021 0.05 0.05 0.25 0.01 0.05 0.25 
Reg022 0.30 0.05 0.60 0.01 0.20 1.60 
Reg023 0.05 0.05 0.25 0.01 0.05 0.25 
Reg024 0.05 0.05 0.70 0.01 0.05 0.25 
Reg025 0.05 0.05 0.60 0.01 0.20 0.25 
Reg026 0.10 0.05 1.00 0.01 0.05 0.25 
Reg027 0.05 0.05 0.25 0.01 0.05 0.25 
Reg028 0.05 0.05 0.25 0.01 0.05 0.25 
Reg029 0.05 0.05 0.60 0.01 0.05 0.25 
Reg030 0.05 0.05 0.25 0.01 0.05 0.25 
Reg031 0.05 0.05 0.25 0.01 0.05 0.25 
Reg032 0.05 0.05 0.25 0.01 0.05 0.25 
Reg033 0.05 0.05 0.05 0.01 0.10 0.25 
Reg034 0.05 0.05 0.05 0.02 0.20 0.25 
Reg035 0.05 0.05 0.05 0.02 0.20 0.60 
Reg036 0.05 0.05 0.05 0.01 0.10 0.25 
Reg037 0.05 0.05 0.05 0.01 0.05 0.25 
Reg038 0.05 0.05 0.10 0.06 0.30 0.25 
Reg039 0.05 0.05 0.05 0.01 0.05 0.25 
Reg040 0.05 0.05 0.05 0.06 0.10 0.25 
Reg041 0.05 0.05 0.05 0.01 0.05 0.25 
Reg042 0.05 0.05 0.05 0.01 0.05 0.25 
Reg043 0.05 0.05 0.20 0.01 0.50 0.80 
Reg044 0.05 0.05 0.05 0.01 0.05 0.25 
Reg045 0.05 0.30 0.05 0.01 0.05 0.25 
Reg046 0.05 0.05 0.05 0.01 0.05 0.25 
Reg047 0.05 0.05 0.20 0.07 0.10 1.70 
Reg048 0.05 0.05 0.05 0.02 0.05 0.60 
Reg049 0.05 0.05 0.05 0.01 0.05 0.25 
Reg050 0.05 0.05 0.10 0.01 0.05 0.25 
Reg051 0.05 0.05 0.05 0.01 0.05 0.25 
Reg052 0.05 0.10 0.20 0.03 0.10 0.80 
Reg053 0.05 0.05 0.05 0.01 0.05 0.25 
Reg054 0.05 0.05 0.10 0.01 0.20 0.60 
Reg055 0.05 0.05 0.20 0.08 0.10 1.60 
Reg056 0.05 0.05 0.05 0.01 0.05 0.25 
Reg057 0.05 0.30 0.05 0.01 0.05 0.90 
Reg058 0.05 0.05 0.05 0.03 0.05 0.25 
Reg059 0.05 0.05 0.05 0.01 0.05 0.25 
Reg060 0.05 0.05 0.05 0.01 0.05 0.25 
Reg061 0.05 0.05 0.10 0.01 0.05 0.25 
Reg062 0.05 0.05 0.05 0.01 0.05 0.50 
Reg063 0.05 0.05 0.20 0.01 0.30 0.25 
Reg064 0.05 0.05 0.05 0.05 0.10 0.25 
Reg065 0.05 0.05 0.10 0.06 0.10 1.40 




Sample No Bi Ag Au Hg Tl Se 
Reg068 0.05 0.05 0.25 0.01 0.05 0.60 
Reg069 0.05 0.05 2.20 0.04 0.05 0.25 
Reg070 0.05 0.05 0.25 0.01 0.05 0.25 
Reg071 0.05 0.05 487.80 0.01 0.05 1.20 
Reg072 0.05 0.05 31.50 0.06 0.05 0.25 
Reg073 0.05 0.05 0.50 0.02 0.10 0.25 
Reg074 0.30 0.05 0.25 0.06 0.05 2.10 
Reg075 0.05 0.30 0.50 0.19 0.20 2.00 
Reg076 0.05 2.00 2.90 0.57 0.70 2.80 
Reg078 0.05 0.05 0.25 0.01 0.05 0.25 
WB001 0.20 0.05 1.10 0.01 0.05 0.25 
WB002 0.90 0.05 0.25 0.01 0.05 2.90 
WB003 0.05 0.05 0.25 0.01 0.05 0.25 
WB004 1.10 0.05 0.25 0.01 0.05 7.40 
WB005 0.10 0.05 0.90 0.01 0.05 0.25 
WB006 0.05 0.05 0.25 0.01 0.05 0.25 
WB007 0.20 0.05 0.25 0.01 0.05 0.25 
CJ029 0.20 0.05 2.00 0.01 0.70 0.60 
KP009 0.20 0.05 0.25 0.01 0.70 0.25 
HC015 0.30 0.05 0.25 0.01 0.10 0.25 
Arckaringa Basin  
BC001 0.05 0.05 0.25 0.01 0.05 0.25 
BC002 0.05 0.05 0.80 0.01 0.10 0.25 
BC003 0.05 0.05 0.80 0.01 0.05 3.80 
BC004 0.05 0.05 0.50 0.01 0.05 0.25 
BC005 0.05 0.05 6.20 0.01 0.05 0.25 
BC006 0.05 0.05 0.80 0.01 0.05 0.25 
MD001 0.20 0.05 0.25 0.01 0.30 0.25 
MD002 0.10 0.30 0.60 0.02 0.70 0.25 
MD003 0.05 0.05 0.25 0.01 0.50 0.25 
MD004 0.05 0.05 0.25 0.01 0.05 0.25 
MD005 0.10 0.05 0.25 0.01 0.10 0.25 
MT001 0.20 0.05 0.25 0.01 0.20 0.25 
MT002 0.70 0.05 0.70 0.01 0.20 0.25 
MT003 0.40 0.05 0.25 0.01 0.30 0.25 
MT004 0.30 0.05 0.25 0.01 0.30 0.25 
MT005 0.70 0.05 0.25 0.01 0.20 0.25 
MT006 0.80 0.05 5.90 0.03 0.10 0.25 
MT007 0.10 0.05 1.10 0.01 0.05 2.10 
MT008 0.05 0.05 0.25 0.02 0.05 0.25 
MT009 0.05 0.05 1.60 0.01 0.30 0.25 
MT010 0.50 0.05 2.30 0.02 0.30 0.80 
MT011 0.30 0.05 1.40 0.01 0.20 0.25 
MT012 0.30 0.05 0.25 0.01 0.30 0.25 
MT013 0.20 0.05 0.25 0.01 0.20 0.60 
MT014 0.60 0.05 0.70 0.02 0.10 0.60 
MT015 0.30 0.05 0.25 0.01 0.30 0.25 
MT016 0.20 0.05 0.70 0.04 0.20 1.00 
MT017 0.05 0.05 0.25 0.01 0.05 0.25 
MT018 0.20 0.05 1.00 0.08 0.10 5.80 
MT019 0.70 0.05 0.25 0.02 0.10 0.25 
MT020 0.30 0.05 0.25 0.03 0.10 1.10 
MT021 0.20 0.05 0.90 0.03 0.20 0.25 
MT023 0.40 0.05 0.25 0.02 0.10 0.25 
MT024 0.60 0.05 0.25 0.01 0.30 0.25 
MT025 0.05 0.05 0.25 0.01 0.30 0.25 
MT026 0.10 0.05 0.25 0.04 0.10 0.25 
MT027 0.05 0.05 0.25 0.01 0.10 0.25 
 
